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ABSTRACT
Ideomotor apraxia is a disorder of learned skilled movement which typically has been
attributed to damage confined predominantly to the frontal and parietal cortical areas within
the hemisphere dominant for speech. However, most studies of the anatomical basis of
apraxia have relied on case studies or have only approximate lesion localization, and few
studies have examined motor performance in relation to lesion location. This study examined
the relationship of apraxia severity to lesion location (in both cortical/ subcortical dimensions
and anterior/ posterior dimensions), aphasia, motor performance, and task demands, and
identified the existence of subtypes of apraxia with characteristic performance profiles (error
types) with respect to lesion location. The findings indicate that severe impairment in praxis
is more likely after cortical lesions, although the results indicate that milder forms of apraxia
which differ in a qualitative fashion may also occur after subcortical lesions.
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INTRODUCTION
The early descriptive literature of apraxia is extensive and is characterized by a
profusion of terminology that has yet to be clarified (Jackson, 1876; Pick, 1905; Sittig,
1931). Liepmann contributed most significantly to our understanding of apraxia by
developing a conceptual framework which remains in use today (Alexander, Baker,
Naeser, Kaplan & Palumbo, 1992; Liepmann, 1905; Liepmann, 1913; Liepmann, 1920).
In the 1900s Liepmann suggested that apraxia was a movement disorder involving the
control of purposeful movements (Liepmann, 1908). The definition of apraxia is a difficult
task because the nature of these abnormal movements or the error types associated with
apraxia have not been fully described (Heilman & Rothi, 1993). Therefore, traditionally,
the operational definition of apraxia has included a number of exclusions such as auditoryverbal comprehension disorders, visual recognition disorders, and basic motor control
impairments (Square-Storer & Roy, 1989). In general, apraxia has been defined as a
disorder of learned skilled movement which is not caused by weakness, sensory loss,
abnormality of tone or posture, abnormal movements, intellectual deterioration or poor
comprehension (Geschwind, 1965; Heilman & Rothi, 1993). Inclusion criteria are just
now being identified, and these criteria typically stress the types of errors which are
characteristic of apraxia (Goodglass & Kaplan, 1963; Haaland & Flaherty, 1984; Rothi,
Mack, Verfaellie, Brown & Heilman, 1988; Roy et al., 1985).
Patients with apraxia have impairment in the control or programming of the timing,
sequencing, and spatial organization of goal-directed motor activities (Poizner, Mack,
Verfaellie, Rothi & Heilman, 1990; Rothi, Ochipa & Heilman, 1991). Disruptions of
1
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purposeful movement have been identified not only in the limb motor system, but also for
speech, and nonverbal oral systems (Square-Storer & Roy, 1989). Numerous behavioral
disorders have been described as apraxic such as limb apraxia, buccofacial apraxia, lid
apraxia, dressing apraxia, gait apraxia, constructional apraxia, apraxia of speech, and
apraxic agraphia (Rothi et al., 1991). Additionally, several different subtypes of limb
apraxia have been defined. However, the subtype of limb apraxia that Liepmann termed
ideomotor apraxia has been the primary focus of subsequent research, and will be the
exclusive type of apraxia discussed in the following text (Liepmann, 1908, 1920;
Liepmann & Maas, 1907).

Although there is no universally accepted or empirically

supported single definition of ideomotor apraxia, there are some central claims which are
supported by many researchers (Alexander et al., 1982; Kimura & Archibald, 1974).
Ideomotor apraxia is a disorder in the organization and execution of purposeful or skilled
movements, which is most apparent when gestures are performed upon verbal request
(Barbieri & De Renzi, 1988; De Renzi, 1985). Offering a model for imitation or an actual
manipulable object is thought to provide facilitation of the movement (De Renzi, Faglioni
& Sorgato, 1982). Ideomotor limb apraxia (subsequently referred to as apraxia) is usually
assessed by asking the patient to execute conventional gestures such as waving goodbye,
or pantomiming the use of common objects. In right handed subjects ideomotor apraxia is
most commonly observed in lesions of the left hemisphere, the dominant hemisphere for
language, and has been shown to have a close relationship with aphasia (Faglioni & Basso,
1985; Heilman & Rothi, 1993). Since apraxia has been strongly associated with aphasia,
some researchers have hypothesized that this relationship is due to the anatomical
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contiguity of language and praxis functions (Kertesz, Ferro & Shewan, 1984). However,
the relationship between aphasia and apraxia, and failures specifically affecting gestures to
verbal command, has caused controversy regarding whether the deficits observed are due
more to auditory comprehension deficits rather than to apraxia (De Renzi, Motti &
Nichelli, 1980). This has resulted in methodological compromise, with researchers using
imitation to circumvent poor comprehension (Alexander et al., 1992).
Historical Background
In 1870, Finkelburg used the term "asymbolia" to refer to any disorder with a
deficit in the use of symbols whether through language or gestures (Dufly & Liles, 1979).
The term apraxia was first used by Steinthal (1871) to refer to the inability to perform
motor activity correctly on command. However, Liepmann was the first to study apraxia
thoroughly by systematically investigating the association of aphasia and apraxia
(Liepmann, 1900, 1905, 1908, 1920; Liepmann & Maas, 1907). In 1905, Liepmann
examined 42 left and 41 right hemiplegic patients using a number of intransitive
(meaningful) and transitive (nonmeaningful) tasks. He was able to demonstrate the
dissociation between aphasia and apraxia by identifying one individual with apraxia but
without aphasia, and several aphasic patients without apraxia. Liepmann concluded that
aphasia and apraxia did not represent an underlying "asymbolia", and that an aphasia
comprehension deficit could not account for the associated apraxia. He also stated that
expressive or intransitive movements were more involved than transitive movements, and
that object use and imitation of movement was less impaired than gesture to command.
Liepmann and Maas (1907) gave a detailed clinical description of a patient with a
callosal lesion who was unable to pantomime on command with his left ipsilesional hand,
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which led to the theory regarding movement formulae. They postulated that the left
hemisphere in right handers contains language and motor engrams which contain the 'timespace-form picture of movement' (Liepmann, 1920). He proposed that the guidance of
both the left and right sided skilled movements was the responsibility of the left
hemisphere which contained these motor engrams, and that disconnection of the motor
engrams from motor areas in the right hemisphere was responsible for the apraxia.
Geschwind (1965; 1975) accepted Liepmann's interpretations that the left
hemisphere was responsible for motor movement of both hands, and proposed a neural
pathway similar to that proposed by Wernicke (1874) of how verbal and written
commands elicit motor behavior. Geschwind described a disconnection model in which
the apraxic subject is unable to carry out movements to command because the left
hemisphere that comprehends the verbal command is disconnected from the right
premotor and motor areas which control the left hand. The disconnection hypothesis
would suggest that apraxic subjects should be able to perform correctly on tasks which do
not require language (Poizner et al., 1995).
Heilman (1979) introduced an alternate hypothesis of visuokinaesthetic motor
engrams (in reference to Liepmann's movement formula) stored in the dominant parietal
cortex (inferior parietal lobule). Theoretically, the destruction of these 'motor
representations or time-space motor engrams1needed to perform skilled acts, or the
separation of these motor engrams from premotor or motor areas, are hypothesized to
produce ideomotor apraxia (Heilman, 1979; Heilman & Rothi, 1985). Heilman was able
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to support this hypothesis by distinguishing anterior and posterior forms of ideomotor
apraxia by analyzing performance of skilled movement to command, imitation, and
discrimination (Heilman, Rothi & Valenstein, 1982). The posterior type of apraxia was
due to lesions of the left parietal cortex (supramarginal or angular gyrus), which is
believed to contain the visuokinaesthetic motor engrams, while the anterior type is induced
by lesions anterior to the supramarginal gyrus that disconnect the visuokinaesthetic motor
engrams from premotor and motor areas. Patients with both anterior and posterior
ideomotor apraxia were identified as having impaired performance on verbal command
and imitation. However, the anterior group was able to comprehend and discriminate
pantomimes because they had access to the motor engrams or movement formula which
were destroyed in the parietal (posterior) lesions (Heilman et al., 1982; Heilman, Rothi &
Watson, 1991).
Neuroanatomical Correlations
Accepting Liepmann's interpretations, Geschwind (196S, 197S) elaborated on
Liepmann's model by proposing that language elicits motor behavior by using a neural
pathway similar to that proposed by Wernicke (1874) for language. He described the
anatomical pathways by which movements are carried out on verbal command.
Geschwind proposed that auditory input reaches the primary auditory cortex (Heschl's
gyrus) and then is processed in the auditory association cortex (Wernicke's area) for
language comprehension. The arcuate fasciculus connects Wernicke's area to premotor
areas, or motor association cortex (Brodmann's area 6). The motor association cortex
activates the primary motor areas (area 4). When a verbal command to carry out an action
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with the left nondominant hand is given (gesture to command), motor programs from the
left motor association cortex cross the corpus callosum to the contralateral premotor
cortex and then to the primary motor cortex for gesture production.
Apraxia is considered a disorder of complex higher motor behavior, and
consequently the study of apraxia may reveal the organization of the motor system at the
highest level (Poizner et al., 1990). The bulk of information about the effects of cortical
lesions in humans stems from clinical observations of case studies, with recent advances in
neuroimaging techniques improving the confidence of these analyses (Freund, 1987).
There are, however, few large studies which have successfully documented the specific
size and localization ofiesions associated with apraxia (Kertesz & Ferro, 1984). In part
the difficulty involved in such studies is due to the nature o f human lesions which rarely
involve well defined and documented neuroanatomical areas (Passingham, 1993). Also
contributing to the inconclusive nature of these studies is the inclusion of patients with
apraxia caused by other etiologies besides stroke, and of hemorrhagic strokes which
typically have less distinct boundaries than ischemic stroke. The obvious limitations of
studies attempting to evaluate the anatomical basis of apraxia impose considerable
constraints on the allocation of functional deficits to the site of the lesion (Freund, 1987).
Cortical areas. The cortical control of motor function in the arm is under the
direction of several premotor areas (area 6) which send projections to the primary motor
cortex (Muakkassa & Strick, 1979; Passingham, 1987). The premotor areas (area 6) are
responsible for activating the motor cortex (area 4) to select the appropriate movement
sequences based on the information provided by the outside world (Passingham, 1987;
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1993; Strick, Dum & Picard, 1995). The primary motor cortex (area 4) is responsible
for the execution of voluntary and discrete movements (Brodmann, 1925). The
association areas of the parietal lobe project directly to the motor cortex and
consequently have direct effects on motor behaviors (Freund, 1987). Disturbances in the
impairment of the generation of complex motor patterns (ideomotor apraxia) have been
linked to left hemisphere lesions involving the parietal lobe and the supplementary motor
area (SMA), which is the mesial portion of area 6 (Goldberg, 1985; Roland, Larsen,
Lassen & Skinhoj, 1980; Roland, Meyer, Shibasaki, Yamamoto & Thompson, 1982;
Watson, Fleet, Rothi & Heilman, 1986). In contrast, a lesion o f the motor cortex (area 4),
which contains densely packed pyramidal cells, can result in hemiplegia or hemiparesis
(Kurata & Wise, 1988; Passingham, 1993; Weinrich & Wise, 1982).
The boundaries between primary motor cortex (Brodmann area 4) and premotor
cortex (area 6) are not sharp, with a few pyramidal cells extending from area 4, where they
exist in high concentration, to area 6. This transitional area has been identified in primate
studies of electrical stimulation which have reported inconsistencies, with some
researchers including part o f area 6 in the primary motor cortex (Kwan, MacKay &
Murphy, 1978; Weinrich & Wise, 1982; Weinrich, Wise & Maurtiz, 1984). Originally,
the mesial premotor area (area 6; SMA) was considered a secondary motor cortex
exhibiting its control of motor functions either in parallel or independently from the
primary motor cortex (Woolsey et al., 1952). Recent findings have suggested that the
SMA is hierarchically superior, and that its functions include movement initiation and
motor programming (Orgogozo & Larsen, 1979; Wiesendanger et al., 1987). These
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findings were obtained from human lesion studies, studies of cerebral blood flow, and
recordings of electrical potentials preceding the onset of voluntary movements (Goldberg,
1985; Orgogozo & Larsen, 1979; Penfield & Welch, 1951; Tanji & Kurata, 1982).
Consequently, the cytoarchitectonic area involved was not likely to have been precisely
specified, leaving the possibility that the lesioned area surpassed the cytoarchitectonic
boundary for SMA (Wiesendanger et al., 1987).
Subcortical involvement in apraxia. Based on the descriptions of apraxia by
Liepmann (1900; 1905), apraxia has been localized to the cerebral cortex and corticocortical connecting pathways. However, large strokes involving the middle cerebral artery
often not only extend outside specific cortical areas, but often extend subcortically to
periventricular white matter and basal ganglia structures complicating the interpretation of
these findings (Laplane, Tailarach, Meininger, Bancaud & Bouchareine, 1977). The basal
ganglia typically refer collectively to a group of deep brain structures that include the
putamen, caudate nucleus, and globus pallidus. The putamen and caudate together are
referred to as the neostriatum. The basal ganglia are involved in cortico-striato-pallidothalamo-cortical loops, where areas of anterior and posterior cortex project into a specific
area of the striatum which in turn projects to the globus pallidus. The globus pallidus
projects to the thalamus, which then projects to the anterior cortical region projecting to
the striatal portion of the loop (Alexander, DeLong, & Strick, 1986; Strick, Dum, &
Picard, 1995).
There have been few investigations studying subcortical dysfunction and limb
apraxia, and review of this literature reveals little consensus regarding the existence of the
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phenomena and a number of methodological concerns regarding how praxis is defined.
Investigation of vascular lesions of the basal ganglia are complicated by accompanied
damage to the surrounding white matter, and the uncertainty that the lesion seen on the
scan is solely responsible for the observed cognitive and behavioral dysfunction (Crosson,
1997). In cases of infarction, there can be areas of decreased blood flow which are
insufficient to cause cystic infarction but are sufficient to keep the tissue from functioning
normally or to cause ischemic neuronal dropout with cystic infarction (Heiss, 1992;
Lassen, Skyhoj-Olsen, Hajgaard, & Shriver, 1983). Nadeau and Crosson (1997)
concluded that aphasia after nonthalamic subcortical lesions results from the disconnection
and transient or permanent cortical dysfunction related to persistent ischemia or infarction
that is not evident on Cl or MRI scans. They also concluded that the basal ganglia have a
small role in language function, with some doubt regarding this conclusion remaining
because of the uncertainty of the role of the caudate nucleus and the prefrontal cortex to
which it is predominantly connected (Nadeau & Crosson, 1997).
However, given the role of subcortical structures in movement, it is of interest how
these structures may contribute to skilled learned movements as well as their role in other
motor functions. It is also important to investigate whether basal ganglia structures
contribute to various activities through information processing, or through regulatory
functions of other structures (Crosson, 1997). Although the role of the basal ganglia in
movement is well accepted, the specific movement functions of these structures have been
debated. Hypotheses have included running preformulated movement plans (Wing &
Miller, 1984), selecting appropriate movements and inhibiting unwanted movements

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

10

(Penney & Young, 1986), and turning off one activity to allow another to operate and
combining coactive motor programs (Mink & Thach, 1991). Marsden and colleagues
(1987) have provided evidence for preferential involvement of sequential movements, with
prolonged intermovement latency.
The existence of subcortical or 'deep' apraxias has received little attention with
most reports consisting of reports of isolated patients (P ram staller & Marsden, 1996).
Only a few studies have systematically examined the presence of apraxia following
subcortical lesions (Della Sala, Basso, Laicona & Papagno, 1992; De Renzi, Faglioni,
Scarpa & Crisi, 1986; Shuren, Maher & Heilman, 1994). However, a metanalysis of 82
cases of'deep apraxia1reported in the literature was conducted, and revealed that
ideomotor apraxia was most commonly seen in cortical lesions extending to the lenticular
nucleus or putamen when there was additional involvement of capsular, and
periventricular or peristriatal white matter. In contrast, lesions exclusively confined to the
basal ganglia (putamen, caudate nucleus and globus pallidus) rarely caused apraxia
(Pramstaller & Marsden, 1996). Lesions of the thalamus, however, were found to cause
apraxia even if there was no apparent involvement of white matter. The cortico-cortical
fiber pathways which are important for speech and motor control pass through the
peristriatal white matter, and it is hypothesized that deep lesions may encroach on these
fiber bundles (Della Sala et al., 1992). However, the role of the thalamus in higher order
motor control has yet to be completely determined (Pramstaller & Marsden, 1996). Some
researchers have implicated the pulvinar nucleus of the thalamus which has connections
with both the inferior parietal cortex and the lateral prefrontal cortex, which are cortical
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regions traditionally involved in praxis (Nadeau, Roeltgen, Sevush, Ballinger & Watson,
1994; Shuren et al., 1994).
Apraxia and Motor Performance
Liepmann initially suggested that ideomotor apraxia was primarily a movement
disorder with general impairment of skilled motor movement (Liepmann, 1900; 1908;
1913). In 1908, Liepmann reported that right handed patients with left-hemispheric
damage showed clumsiness for the left hand. He named this phenomenon "sympathetic
dyspraxia". The recognition of the left hemisphere's superiority in the control of motor
function for both the left and right hands, was also supported by studies of the rapidity of
arm movement and arm-hand precision tasks, and by the execution of a sequence of
movements (Kimura & Archibald, 1974; Wyke, 1967; 1968). Kimura and Archibald
(1974) tested patients with unilateral brain injury on a test that involved copying of hand
postures. All patients were able to copy the single hand postures, but the left hemisphere
injured patients evidenced difficulty reproducing a sequence o f hand postures for both the
left and right hand. This suggested that the left hemisphere controls sequential movements
on both sides of the body (Kimura, 1977; Kolb & Milner, 1988).
Heilman (197S) also supported Liepmann's contention that patients with ideomotor
apraxia demonstrated motor difficulties, by demonstrating finger tapping deficits in
patients with ideomotor apraxia when compared with controls. Pieczuro and Vignolo
(1967), however, failed to identify significant differences between apraxic and non
apraxic groups on a manual dexterity task. The discrepancy between these two studies
was explained by Heilman as a result of the differences between the two tasks used in the
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studies. However, this explanation is not consistent with other data in left and right
hemisphere-damaged patients, which indicates that manual dexterity is a more sensitive
task, and is likely to be impaired bilaterally in left hemisphere lesions (Haaland, Cleeland &
Carr, 1977). Furthermore, Haaland, Porch, and Delaney (1980) were unable to replicate
significant group differences on the finger tapping task, but found significant differences
on a task of precise steadiness.
Motomura (1994), attempted to clarify the relationship between motor
performance and motor apraxia, and gave a description of the size of the brain lesions.
Motor performance in patients with apraxia was compared against motor performance in
patients with aphasia without apraxia, and normal controls, while controlling for the size
of the lesion. Measures of aiming, tapping, line-following, and steadiness were used.
Although both apraxic and aphasic patients evidenced motor difficulties, the data for
aiming, tapping, and line-following in the apraxic group reflected significantly poorer
performance than those in the aphasic group without apraxia. However, there was no
statistical significance in the steadiness task between patients with and without apraxia.
There are very few studies of motor performance in apraxia, and the results of these
studies have resulted in ensuing controversy regarding the presence and nature of motor
deficits in ideomotor apraxia. In spite of the well established left hemisphere superiority
in motor function, the complete picture of hemispheric asymmetry for limb movements is
more complex, and is thought to depend on the nature of the task.
Error Types in Ideomotor Apraxia
The majority of studies of ideomotor apraxia have utilized quantitative measures of
apraxic movement, such as whether the gesture was correct or incorrect, or numerical
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scales estimating relative competence on the tasks of imitation, pantomime or actual object
use (Basso, Capitani, Della Sala, Laiacona & Spinnler, 1987; Barbieri & De Renzi, 1988;
Borod, Fitzpatrick, Helm-Estabrooks & Goodglass, 1989; De Renzi et al., 1980; 1982;
1986; De Renzi & Lucchelli, 1988; Faglioni & Scarpa, 1989; Kolb & Milner, 1981;
Kertesz & Ferro, 1984). Although, a quantitative approach is necessary for the
identification of apraxic patients, some believe that the qualitative aspect of an apraxic
performance is the most valuable in regard to understanding the underlying mechanisms of
the disorder (McDonald, Tate & Rigby, 1994).
The few studies which have attempted to give a qualitative description of apraxic
errors have focused on gesture type (transitive/ intransitive), static vs sequential, or task
demand (command, imitation, comprehension) and have rarely investigated the nature of
the movement errors (De Renzi et al., 1980; 1982; Haaland & Flaherty, 1984; Kimura &
Archibald, 1974; Pieczuro & Vignolo, 1967). The studies which have characterized the
types of errors made by patients with ideomotor apraxia have produced some conflicting
results. In particular, there has been disagreement about the occurrence of body part as
object (BPO) error in apraxic patients. Goodglass and Kaplan (1963) attempted to
capture the nature of the errors in apraxia, and suggested that the BPO error was unique
to apraxic patients. However, several other researchers found no difference in the
frequency of BPO in left brain damaged and normal control subjects, and no correlation
between performance on imitation and pantomime in relation to BPO errors (Duffy &
Duffy, 1989; Poeck, 1986; McDonald et al., 1994). Additionally, inconsistent results have
been found in studies examining task demands, and the specific types of errors which
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frequently occur such as perseverative errors (Alexander et al., 1992; Barbieri & De
Renzi, 1988; Ferro, Martin, Mariano & Caldo, 1983; Heilman et al., 1982; Rothi, Heilman
& Watson, 1985; Rothi, Mack & Heilman, 1986; Rothi et al., 1988; Lehmkuhl, Poeck &
Wilmes, 1983; Poeck, 1985; 1986; Poeck, Lehmkuhl & Wilmes, 1982; Watson, Fleet,
Rothi & Heilman, 1986). These inconsistencies raise questions as to whether ideomotor
apraxia is a heterogeneous group of disorders of planning and execution o f complex
movements, irrespective of the site of pathology (McDonald et al., 1994; Pramstaller &
Marsden, 1996). The question of whether ideomotor apraxia represents a unitary disorder
or a heterogenous group of disorders can be addressed by controlling for a number of
task and lesion variables known to affect the expression of apraxia. Such research will
allow a clearer taxonomy of apraxic disorders to be outlined, and may suggest directions
for further research to more precisely specify the similarities and differences of any
different types which are identified.
The relation between lesion size, location and apraxia will be investigated in order
to identify the crucial areas in the left hemisphere where damage disrupts praxis, and will
attempt to clarify the relationship between ideomotor apraxia and motor performance.
This study will also address the problem of whether apraxia is a unitary disturbance of
movement, or a disorder which affects gestures in relation to their nature and the modality
through which the instructions eliciting the appropriate motor response is conveyed. This
study proposes to investigate 5 hypotheses in the following areas: (1) the relative
influence of cortical and subcortical areas on the performance of skilled movements, (2)
features characterizing the praxic deficit, and if they reside in the nature o f the gesture, or
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the circumstances under which it is evoked, (3) the reported dissociation between the
inability to perform on command an action which is perfectly executed if it is aroused a
contextual cue or if the gesture meets a real need, (4) the relationship between ideomotor
apraxia and motor performance in relation to lesion location, and specific motor tasks
administered, in particular, the relative importance of task complexity and sequencing
over precision requirements in differentiating the motor deficits of patients with and
without ideomotor apraxia, (5) the existence of subtypes of apraxia with characteristic
performance profiles of error patterns with respect to lesion location,
R e s e a rc h H y p o th e s e s T e s te d

(1) There will be a significant effect of task demands on the performance of skilled
movements. Gesture to command will produce significantly lower praxis scores when
compared with imitation or comprehension tasks.
(la)

Subjects with left hemisphere cortical lesions will have significantly greater

impairment in skilled movement than subjects with left hemisphere subcortical
lesions and subjects with subcortical lesions will have greater impairment than
controls (corticals<subcorticals<controls).
(2)

Even though the impairment on gesture to command, and the ability to carry out

gestures which meet a real need (activities of daily living) are dissociable, there will be a
moderate level of association. Although performances on gesture to command will be
significantly worse than gestures which meet a real need, there will be a significant positive
correlation between apraxia severity (gesture to command) and functional activities of
daily living (Physical Self-Maintenance Scale).
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(3)

There will be a significant relation between ideomotor apraxia and motor

performance, which will vary as a function of the interaction between lesion location,
severity of apraxia and motor task administered.
(3a) The motor impairments of individuals with cortical lesions will be significantly
greater on motor tasks emphasizing task complexity and sequencing (i.e. Luria
Motor Program; Kimura Hand Sequencing), while individuals with subcortical
lesions will have greater impairment on simpler motor tasks (Luria Conflict;
Kimura Hand Postures) and those emphasizing precision requirements (finger
tapping; grooved pegboard).
(4)

There will be subtypes of apraxia with characteristic performance profiles of error

patterns with respect to lesion location.
(4a) Cortical/ subcortical dimensions will account for significantly more disparate
performance profiles of error types on gesture to command, when compared with
anterior/ posterior dimensions.
(4b) Anterior/ Posterior dimensions will have a significantly greater impact on the
ability to recognize and discriminate gestures (comprehension), when compared to
cortical/ subcortical dimensions.
(i) Subjects with more posterior lesions will have significantly greater
impairment in the ability to identify and discriminate between correct
gestures when compared to subjects with more anterior lesions.
(ii) Subjects with left hemisphere cortical lesions will have significantly
greater impairment in the ability to identify and discriminate between
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correct gestures when compared with subjects with subcortical lesions, and
subjects with subcortical lesions will have significantly greater impairment
than controls.
(5)

The nature of the gesture, and the circumstances under which the praxic deficit is

evoked will not account for a significant amount of unique variance, when controlling for
other features which characterize the praxis deficit.
(Sa) Multiple variables (lesion location, aphasia type, task demand, transitivity
factor, and motor function) will share significant variance with the severity of
apraxia, and with each other. Each of these variables will not account for separate
and distinguishable portions of the variance in the severity of apraxia, but there will
be a great deal of overlap or shared variance between variables.
(5 b) There will, however, be a significant difference in the amount of unique
variance each variable will contribute, with lesion location accounting for
significantly greater variance than each of the other variables. Also, task demands
and transitivity factor will not account for a significant amount of variance in
apraxia, once lesion location and aphasia are controlled for.
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METHOD

Subjects
Subjects were recruited from the Tulane University Hospital and Clinics, the New
Orleans Veteran's Administration Medical Center, and from Medical Center of Louisiana.
Over a one year period inpatients with a stroke diagnosis, and patients discharged with a
stroke diagnosis were screened A total o f 29 subjects were included in the study, with
the subject sample divided into three groups. Subjects were excluded on the basis of
significant psychiatric history, or significant alcohol or substance abuse history. All
subjects were right handed as measured by a handedness inventory and native English
speakers. Nineteen of these subjects were selected on the basis of left hemisphere
ischemic stroke. The stroke group was subdivided into 10 subjects with left hemisphere
cortical lesions, and 9 subjects with left hemisphere subcortical lesions. Patients with
hemorrhagic strokes, bilateral lesions, silent subcortical lesions or significant
periventricular white matter disease were excluded. Subjects with dementia, significantly
poor comprehension, clinically significant depression, or who were not strongly right hand
dominant were excluded from the study (Table 1). Hospital patients without evidence of
neurological disease or clinically significant depression and volunteers from the community
were included in the control group (n=10). Left hemisphere damaged (LHD) subjects
were screened within 6 months post stroke, and examined as early as 1 day post stroke
and on average 14.S weeks post onset o f their stroke.

18
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Computerized tomography or magnetic resonance imaging scans were reviewed
and lesions were localized in reference to anterior/ posterior, cortical/ subcortical location,
and involvement of specific cytoarchitectonic regions. Volumetric estimates of lesion size
were calculated using an image processing program.
Table 1
Means (SD) for demographic variables and screening measures for subject groups
HAM
PSMS
WEEK
FMSE
GROUP
AGE
EDU
CVA
DEP
i

6.60
(1.07)

10.33
(3.14)

9.78
(8.70)

9.50
(2.00)

9.10
(3-14)

19.40
(10.10)

8.67
(1.94)

Control

64.10
(13.51)

13.50
(3.17)

27.50
(1.78)

3.30
(3.30)

Subcort

63.44
(9.99)

8.56
(2.74)

22.78
(3.75)

Cortical

60.30
(8.23)

9.80
(2-57)

22.90
(3 75)

—

~i—

EDU= education: FMSE= Folstein mini-mental status exam; Ham Dep= Hamilton Depression Scale;
Week CVA = num ber o f weeks post stroke; PSXiS= Physical Self-Maintenance Scale.
FMSE=30 total points; Hamilton Depression = 0-48 range; PSMS=0-30 total points.

A Kruskal-Wallis One-Way Analysis of Variance indicated that the three
experimental groups were not significantly different with respect to age, sex or race, but
with respect to education, H(2, N=29) = 10.562, p < .005 (Table 1 and 2).
Table 2
Kruskal-Wallis ANOVA for demographic variables for all groups
Chi-Sq Hare
df
Asymp Sig

SEX

RACE

AGE

EDU

4.624

3.640

.548

10.562

2

2

2

2

.099

.162

.760

.00
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Pair-wise comparisons using the Mann-Whitney U test were conducted, with the
significance level adjusted to o = .01 to control for Type I error in multiple comparisons.
These analyses revealed that the control group had a higher educational level when
compared with both the subcortical and cortical groups. The cortical and subcortical
groups, however, were not found to differ in terms of level of education (see Table 3).
Table 3
Pair-wise comparisons for education
Cort vs Sub

Cort vs Coutrob

Sub vs Coutrob

113.50 vs 76.50

71.50 vs 138.50

56.00 vs 134.00

U-STATISTIC

31.50

16.50

11.00

P - VALUE

.278

.009

.004

RANK SUM

Screening Measures
All experimental subjects underwent a complete neurological examination, while
all subjects received a handedness inventory, a formalized mental status examination, a
depression screening, and an evaluation of activities of daily living (see Appendices A, B,
C, D, E and F). The neurological examination was performed by a neurologist and
included evaluation of higher cortical functions, cranial nerves, deep tendon reflexes, gait,
cerebellar testing, and a motor and sensory exam. Strength of handedness was determined
by a handedness inventory (Briggs & Nebes, 1975). Evaluation of mental status utilized a
common standardized rating format, the Mini-Mental State (Folstein & McHugh, 1975).
The depression screening involved a clinical interview and administration of the Hamilton
Depression Rating Scale. Evaluation of activities of daily living was assessed by
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interviewing a caregiver with the Physical-Self Maintenance Scale (Lawton & Brody,
1969; 1988).
Handedness inventory Estimations of left hemisphere language representation in
right-handers range from 95.5% to 99.67% (Borod, Carper, Naeser, & Goodglass, 1985;
Bryden, 1982; Levy, 1974; Levy & Gtir, 1980). Clinical data estimate that 98% or more of
aphasic disturbances in right-handed persons are associated with left-sided lesions
(Bryden, 1988; Hicks & Kinsboume, 1978; Searleman, 1977). Similar estimates have been
calculated for right-handed patients undergoing WADA testing, or with direct cortical
stimulation before brain surgery (Lezak, 1995). Writing hand correctly identified the side
for speech dominance in 89.5% o f subjects who were given the WADA test (Strauss &
Wada, 1987). In an attempt to select individuals with left hemisphere dominance for
language, the subjects were administered a handedness inventory to determine the strength
and direction of handedness. The Briggs and Nebes (1975) handedness inventory was
administered to all subjects (see Appendix B). This inventory inquired as to the hand
preference (e g throwing, writing, drawing, striking a match and etc...), and used a fivepoint scale to measure the strength o f laterality. A handedness quotient was determined by
assigning two points to “always” responses, one point to “usually” and none to “no
preference.” Left preferences are scored as negative and right preferences as positive, with
a range of scores from -24 for most strongly left-handed to +24 for the most right handed.
The means and standard deviations for the handedness quotient for each group is
presented in Table 4.
Mini-mental state The Mini-Mental State exam (MMSE; Appendix C) is the most
widely used brief screening instrument for dementia, and was utilized to help identify and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

22

exclude patients who were demented (Table 3; Folstein et al., 1975). The MMSE was
administrated according to the standard administration, with the exception of the
Table 4
Means for handedness quotient by group
GROUP

N

MEAN

SD

Control

10

21.10

3.98

Subcortical

9

20.67

6.48

Cortical

10

23.00

1.41

M ost strongly right-handed

=

+

24.

attention and calculation items. Only serial sevens was administered, because spelling
WORLD backwards and serial sevens have not been found to be interchangeable tasks
(Watkins, Gouvier, Callon & Barkemeyer, 1989; Galasko, et al., 1990). The MMSE is
particularly effective in discriminating patients with moderate dementia from controls, and
is scored out of 30 points total (Filley et al., 1989; Folstein et al., 1975). Estimates of
internal consistency range from .31 for community-based samples to .96 for a mixed group
of medical patients (Foreman, 1987; Jorm et al., 1998; Tombaugh, McDonald, Krisjansson
& Hubley, 1996), and with good inter-rater (above .65) and test-retest reliability (.80 to
.95) (Folstein et al, 1975; Foster et al., 1988). The MMSE is sensitive to cognitive decline
and shows modest-to-high correlations with other brief screening tests such as the Blessed
Test, the Dementia Rating Scale (Axelrod, Goldman & Henry, 1992; Foreman, 1987;
Feher et al., 1992; Folstein et al., 1975; Mitmshina & Satz, 1991).
Hamilton depression inventory The most common problem complicating
differential diagnosis of behavioral disturbances in older persons is depression, which can
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result in deficits in attention and memory, and in complex language tasks (Lezak, 1995).
Frequently used screening instruments for depression have been criticized because of the
large number of somatic items which may inflate depressive scores in the medically ill. The
evaluation of whether complaints involve natural concomitants of aging, an underlying
physical disorder, or symptoms of depression is a complex task which typically requires
more than mere administration of a depressive scale (RadlofF & Teri, 1986; Gaylord &
Zung, 1987). Furthermore, research indicates that clinical interview may be superior to
any diagnostic method in the evaluation of depression in the medically ill or cognitively
impaired (House, Dennis, Hawton & Warlo, 1989; Ramasubbu & Kennedy, 1994;
Schubert, Taylor, Lee, Mentari & Tamaklo, 1992). Therefore, subjects received a brief
clinical interview, and an orally administered scale which has been specifically developed
for the evaluation of depressive symptoms, the Hamilton Depression Rating Scale
(Appendix D). The Hamilton Depression Rating Scale has 17 items which are rated from
0-2 or from 0-4, with 0 indicating absence of symptoms while 2 or 4 the most severe
symptoms. The total score for the scale range from 0 to 48, with 13 typically used as the
cut-off for depression. Subjects with total scores greater than 13 were excluded from the
study. The Hamilton Rating Scale has been found to have moderate correlations with the
Beck Depression Inventory (.73) and with the Geriatric Depression Inventory (.83) (Beck,
Steer & Garbin, 1988; Lezak, 1995).
Physical self-maint^gnr^

Activities of daily living (ADL) required for

personal self-maintenance, which represent the most basic personal care tasks such as
feeding, toileting, dressing, and bathing, were assessed by the Physical-Self Maintenance
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Scale (PSMS; see Appendix E; Lawton & Brody, 1969; 1988). Caregivers were
interviewed regarding physical ADL, and scores were utilized for inclusion into the study,
as well as correlated with severity of apraxia. This served as an indirect measure of
functional activities of daily living, and as an indirect measure of the experimental subjects'
ability to use purposeful movements in the natural setting. The PSMS included 6
categories (toileting, feeding, dressing, grooming, ambulation, bathing) with 5 descriptors
per category describing the patient’s functional status. Numbers one through five in each
category represent worsening states of function. The higher the final score, the greater the
degree of impairment, with scores ranging from 6 (no impairment) to 30 (greatest
impairment). Scores on the PSMS were compared to severity of apraxia to get an estimate
of the degree to which a disorder of skilled movement might interfere with physical
activities such as feeding and dressing.
Neuropsychological Tests
Language tests »The Western Aphasia Battery (WAB; Appendix F) was
developed primarily from the Boston Diagnostic Aphasia Examination, and has been
shown to reliably generate diagnostic classifications suitable for research (Kertesz &
Poole, 1974). Reliability and validity evaluations meet reasonable criteria, and its
statistical structure is satisfactory (Risser& Spreen, 1985; Spreen & Risser, 1991).The test
was administered according to its published instructions, but only included subtests for
spontaneous speech, auditory comprehension, repetition and naming. The aphasia
quotient (AQ) was calculated for each subject which is based on the oral language
subtests, with a maximum score of 100 (with normals regulary achieving AQs of 100).
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The AQ yields a measure o f discrepancy from language performance, and can be used with
the profile performance to determine an aphasia subtype. The type o f aphasic syndrome
observed was confirmed using the standard taxonomy suggested by Kertesz (see Table 5;
1979, 1982). Additionally, the auditory comprehension subtest was used to determine
adequate comprehension required for inclusion into the study. This was designed to
ensure adequate auditory comprehension for the measurement of gesture to command.
•The Boston Naming Test (BNT) (Appendix G) has been shown to be a valid and
reliable test of naming abilities, and is typically used in addition to a more comprehensive
aphasia examination (Kaplan, Goodglass & Weintraub, 1983; Margolin, Pate, Friedrich &
Elia, 1990; Spreen & Straus, 1991). The BNT has good test-retest reliability of .94
(Sawrie, Chelune, Naugle & Luders, 1996), and good internal consistency o f .96 (Huff,
Collins, Corkin, & Rosen, 1996). This test consists of 60 large ink drawings of items
ranging from simple familiar items such as "tree" to rare words such as "trellis" and
"abacus" near its end. The total number o f spontaneous items achieved from a total of 60
was utilized as the total BNT score. When patients demonstrated difficulty with
misperception of the drawing, the examiner provided a stimulus cue; if the subject was
able to give a correct name, then this item was added to the total. However, if the subject
was still unable to give a correct name, a phonetic cue was provided. Also, phonetic cues
were given for any item that a subject was unable to name.
For all subjects the examiner began with item 1 and discontinued after 6 successive
failures. In addition to scoring the number o f stimulus and phonemic cues given, and the
subsequent items answered correctly, the number of spontaneously given correct
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responses were noted. A total naming score out of 60 was derived from the number of
correct spontaneous responses and correct responses after a stimulus cue . Correct naming
responses in response to a phonetic cue were not added to the total. The examiner noted
the number and type of cues given, and which ones were successful.
Table 5
WAB subtest scores for ranges of classification o f aphasia type (Kertesz, 1979; 1982)
COMPRH
FLUENCY
REPET
NAMING
Global

0-4

0-3.9

0-4.9

0-6

Broca’s

0-4

4-10

0-7.9

0-8

Isolation

0-4

0-3.9

5-10

0-6

Transcortical Motor

0-4

4-10

8-10

0-8

Wernicke’s

5-10

0-6.9

0-7.9

0-9

Transcortical Sensory

5-10

0-6.9

8-10

0-9

Conduction

5-10

7-10

0-6.9

0-9

Anomic

5-10

7-10

7-10

0-9

Ranges fo r language subtests = 0-10.

Motor tests Several motor tasks were administered including tests for finger
tapping speed, finger dexterity, and organization o f motor acts. All motor tasks were
administered to the left non-dominant hand only to avoid possible difficulties related to the
presence of right hemiparesis in the stroke groups. To allow direct comparison of finger
tapping speed and grooved pegboard, data from all groups were converted to standardized
T scores with a mean of SO and a standard deviation of 10.
• Finger tapping speed has been shown to be sensitive to the presence and laterality
o f brain lesions with the contralateral hand showing the most unpaired performance
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(Bigler & Tucker, 1981; Finlayson & Reitan, 1980; Horn & Reitan, 1982; Haaland &
Delaney, 1981). Reliability coefficients ranging from .58 to .93 have been reported with
both normal and neurologicaUy impaired subjects. This measure has been shown to be
sensitive to the presence and laterality of the lesion (Spreen & Strauss, 1998). Finger
tapping was administered in five consecutive 10 second trials on a manual tapper to the
left ipsilesional hand in the stroke group, and the left non-dominant hand in the control
group. Subjects were allowed one practice trial before being instructed to tap as rapidly as
possible on the key of the counter. The mean of five consecutive 10-second trials was
calculated.
• The grooved pegboard is a measure of manipulative dexterity using a pegboard
containing 25 holes in a 5 x 5 array with randomly positioned slots. The pegs have an
edge along one side that must be rotated to match the slot before they can be inserted.
The patients performed the task with the left hand and proceeded in a right-to-left order.
The time to completion of the task was recorded along with the number of drops. The
complexity of this task makes it a sensitive instrument for measuring general motor
slowing (Lewis & Rennick, 1979; Matthews & Haaland, 1979). Patients with bilateral and
left hemisphere lesions have exhibited bilateral deficits while those with right hemisphere
lesions performed more slowly only with the left hand (Haaland, Cleveland & Carr, 1977).
• The Luria motor tasks are designed to assess motor function in a more qualitative
fashion in response to command or imitation. These motor tasks also allow for the
assessment of frontal lobe areas in tasks which exclude the involvement of language,
construction, and other cognitive activities (Stuss & Benson, 1986). The Luria tasks
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include items testing the dynamic organization of the motor act, such as hand sequencing,
or in regulating motor responses in a conflict condition (Luria, 1980). Fist-edge-palm is a
hand sequencing task, while a conflict condition requires the patient to knock twice in
response to one sound, or once in response to two sounds. Both of these Luria motor
tasks have been shown to be particularly sensitive to frontal lobe damage (Christensen,
1979; Le Gall et al., 1990).
The procedures and scoring criteria were standardized prior to the beginning o f the
study using the guidelines set by Truelle and colleagues (1995). Administrations o f the 2
Luria tasks included demonstrations and gestures to imitate, and oral repetition of
instructions as needed to help the subjects perform as accurately as possible. Each o f the
2 tests (hand sequencing and the conflict condition) were given in 10 successive trials in
the same order to each patient. Performance was evaluated only when the examiner was
satisfied that the patient fully comprehended the instructions, and each sequence had to be
performed correctly at least once before errors were scored. The number of correct items
in 10 consecutive trials was computed as the quantitative score.
Luria stressed the importance of the way in which a task is solved, and stated that
impairments may not be evident in a quantitative fashion, but may show up in the manner
in which a patient fails (Luria, 1980). These motor tasks have long been accepted as
sensitive to frontal lobe disorders, but more recently there has been evidence of specific
types of errors corresponding with more specific lesions (Benson & Stuss, 1982; Drewe,
1975; Malloy, Webster & Russell, 1985; Stuss & Benson, 1986). Additionally, there is
some evidence of error types distinguishing between frontal lobe regions such as
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premotor, prefrontal and orbhomedial (Truellc et al., 1995). The three prominent error
types considered were simplification, deautomatization, and disinhibition (Appendix H;
Luria, 1980). Simplification has been linked with prefrontal lesions, deautomatization
with premotor lesions, and disinhibition with lesions involving the orbitomedial region
(Truelle et al., 1995).
• Kimura and Archibald (1974) demonstrated that left-hemisphere-injured patients
had difficulty reproducing a sequence of hand postures for both the right and the left
hands. Subjects were asked to reproduce single hand postures, and meaningless hand and
arm movement sequences selected from the Kimura and Archibald study (1974). The
experimenter faced the subject throughout the tests, and utilized the left non-dominant
hand as a model for the patient.
• Copying hand postures was administered by the experimenter who demonstrated
a particular hand position which the patient copied the first trial by memory. If subjects
were unable to reproduce the hand posture correctly on the first trial, a second trial was
administered allowing the experimenter's hand to be present throughout the second trial as
a model. Each posture received a score of 2, 1, or 0, depending on whether it was
correctly copied on the first or second trial, or not at all, with a total score of 12. The six
postures administered by Kimura and Archibald (1974) were administered, most o f which
have been taken from the deaf alphabet (see Appendix I).
• Copying hand movements involved the presentation of 6 movement sequences
found to be impaired in left hemisphere lesions (Kimura & Archibald, 1974). The
experimenter demonstrated the movements with the left hand and arm only, and the
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patient copied the movement as soon as the experimenter completed the demonstration.
The six movement sequences were presented from the sequence which is relatively easy
and familiar to the more complex sequences (Appendix J). These sequences were not
familiar or meaningful to the subjects. Features of the movement sequence were scored
such as hand posture, hand orientation, occurrence of movement, and direction of
movement. Correct features were scored as 2, 1, or 0 depending on whether it was
performed correctly on the first, second, third trials, or not at all, with a total score of 12.
Praxis Evaluation
Evaluation of ideomotor apraxia in the LHD subjects was determined by the
Florida Apraxia Battery, which is evaluated in response to verbal command, and to
imitation (Rothi et al., 1992). After the completion c f gesture to command and imitation,
the subjects were tested on gesture comprehension. Gesture comprehension was
administered by the examiner to assess the subject's capacity to recognize a correctly
performed gesture (Heilman et al., 1982). The order of modality (command or imitation)
was held constant because of concern that imitation might provide a model which might
facilitate gesture to command. Although generalization from a formal examination in
apraxia is difficult because gestures are isolated from their usual verbal or situational
context, spontaneous communicative gestures in the natural setting have been significantly
correlated with (.80) limb apraxia ratings (Lezak, 199S). There are no standardized formal
methods for assessment of limb apraxia available, although there are several batteries
which have been utilized for research purposes.
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Florida apraxia battery The Florida Apraxia Battery (FAB; Appendix K) contains
30 items which are composed o f 20 transitive and 10 intransitive limb movements.
Transitive limb movements are movements which typically involve the imagined use of a
tool (e.g., hammer), while intransitive movements are representational gestures which do
not involve the use of an object or tool (e.g., be quiet). Subjects were videotaped
executing pantomimes for later scoring by two trained examiners utilizing the guidelines
described by Raade, Rothi, and Heilman (1991). The accuracy and the error type scoring
of the praxis tests were scored after the testing of all the subjects had been completed.
For the accuracy scoring, the subject's first response for each trial was scored by the two
judges on an expanded continuum of severity scale based on quantitative parameters,
similar to Kaplan’s 0 -3 quantitative scale (1968): 0 (no response, unrecognizable), 1 - 2
(degraded), 3 (recognizable), 4 - 5 (imperfect but not apraxic), 6 (perfect), maximum
correct= 180. A third rater independently scored subjects' movement productions for
accuracy and error type. The third rater’s evaluation was compared with the combined
judgements of the first two raters to obtain a measure of inter-rater reliability.
Additionally, the praxis test was evaluated utilizing a qualitative scoring system
developed by Rothi et al., 1988. This qualitative error typing contains four major error
categories labeled content, temporal, spatial, or other errors. These four major
categories are further subdivided into three to seven subcategories as defined in Appendix
K. Each apraxic movement can potentially exhibit more than one subcategory o f error, as
well as more than one main type of error.
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Gesture comprehension test The Gesture Comprehension Test was presented by
the right arm of the examiner presenting a series o f pantomimed acts (Heilman et al.,
1982). This task contained 32 trials each containing three separate pantomimed acts. Each
trial was presented in the same order. Half of the trials required the subject to recognize
and select a gesture. Each of these trials included three different well-executed acts, such
as using a key, hammering, and using a saw. The other half of the trials required the
subject to discriminate between movements and to select the movement which is
performed accurately. The performer presented a well executed movement, a clumsy
movement, and movement using body part as an object. The order of the 32 trials was
randomized, as well as the order of the correct (target) act and the order o f the wrong
movement (Heilman et al., 1982). The gesture comprehension test was scored by
calculating the total correct responses for the recognition task (total correct for gestures),
the total correct responses for the discrimination task (total correct for movement), and
the total correct for the gesture to comprehension test. The percentage correct was
calculated for each subject.
N e u ro im a g in g S tu d ie s

Computerized tomography (CT) or magnetic resonance imaging scans (MRI) were
obtained for each stroke subject and used for lesion localization. CT scans were performed
on a Picker 1200SX Expert or a Picker PQ2000 with a series of 7 mm slices obtained
from the foramen magnum to the vertex, and a 2.5 mm interslice gap. MRI scans were
performed on a GE Signa 1.5 Tesla magnetic resonance scanner including a sagittal spin
echo T1-weighted data set (5 mm thickness, 0.5 mm spacing), axial and coronal fast spin
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echo T2-weighted data set (S mm thickness, 1.5 mm spacing), and an axial fast spin echo
proton density weighted data set (5 mm thickness, 1.5 mm spacing).
CT or MRI head scans were reviewed and localized using Damasio and Damasio's
(1989) technique using standardized templates of axial CT/MRI sections at various angles
to the canthomeatal line. Parameters o f the lesion were mapped out within and across
each CT/MRI slice on the template that corresponded most closely to the angle of the
CT/MRI scan. Once the lesions were mapped out, the location o f the lesion and
cytoarchitectonic regions involved were determined by using standard templates (see
Appendix M; Damasio, & Damasio, 1989). Lesions were classified as to the hemisphere
(left, right, bilateral, brainstem), location (cortical, subcortical, cortical-subcortical) and
anterior-posterior dimension (anterior, posterior, anterior-posterior, see Table 6). Cortical
lesions involved primarily the gray matter with some extension to the adjacent white
matter (Table 7); whereas subcortical lesions were primarily limited to the periventricular
white matter (PVWM) or subcortical gray matter structures (e.g. basal ganglia; see Table
8). Cortical-subcortical lesions involved the cortex with extensions to PVWM. Anterior
and posterior locations were defined with reference to the central sulcus. Anterior lesions
extended rostral to the central sulcus and included portions of the frontal cortex.
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Table 6

Lesion location for anterior-posterior dimension
GROUP

N

Anterior Snbcortical

2

Anterior-Posterior Subcortical

5

Posterior Subcortical

2

Anterior Cortical

2

Anterior-Posterior Cortical

3

Posterior Cortical

5
Table 7

Cortical locations and volumetric estimates for lesions (pixels x mm)
Sob*

LESION
VOL

% BRAIN
LESION

LOBES

A /P

BRODMANN AREAS

COl

101881.25

1.53270

F, T

A

6, 22,45, 47

C02

143591.25

2.16019

T

A

21

C03

211085.00

3.17557

O

P

19, 37

C 04

288819.63

3.90205

O

P

17, 18, 19, 37

COS

234493.83

3.52773

P

P

1 ,2 ,3 ,2 2 ,3 9 ,4 0

C 06

649568.75

7.87476

T, P

P

1, 2, 3, 5, 22, 39,40

C 07

100137.55

1.50647

O

P

19,20

C 08

1181581.7

14.88059

F, T, P

A-P

1-4,6,21,22, 39,40,45

C 09

140061.88

2.10710

T

A-P

22

CO10

202084.29

3.04016

T

A-P

21,22, 37

F=frontal. T=temporal, P= parietal, 0 = occipital.
A =anterior or P=posterior to the central sulcus, or A-P=anterior-posterior.
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Table 8

Subcortical locations and volumetric estimates for lesions (pixels x mm)
AREAS

Sab#

LESION
VOL

%BRAIN
LESION

LIMB
IC

A/P

SCI

7357.50

.11069

A

A

putamcn, caudate; deep to 45

SC2

14416.88

.21689

P

A

putamcn, caudate

SC3

16928.75

.25468

SC4

3101.29

.04666

SC5

A-P

putamcn, claustrum

P

A-P

globus pall., thalamus

------

P(?)

A-P

SC6

17855.0

.26861

A

A-P

putamcn, ant insula, deep to 6

SC7

4016.25

.06042

A

P

putamen

SC8

7931.25

.15303

P

P

putamen

SC9

30315.00

.38178

P

A-P

put, gjob.pall, thalamus

Limb IC - involvement o f anterior or posterior limb o f the internal capsule.
A =anterior or P=posterior to the central sulcus, or A-P=anterior-posterior.
L e sio n S ize

Once the lesions were mapped out on standard templates (Damasio, & Damasio,
1989), these templates were scanned and stored as digital images. ImageJ (a Java image
processing program inspired by NIH Image for the Macintosh) was utilized to calculate
area statistics of the region of interest (ROI) and the total area of all slices for each
template (Rasband,1998; NIMH). Area measurements were created by selection of the
wand tool for the total area, and the freehand tool for the ROI (i.e. lesion). The wand tool
created a selection by tracing areas of uniform color (i.e. the brain slices), and eliminating
the identified lesion. The wand tool moves to the right of the site o f the mouse click
looking for an edge, and follows the edge until it returns to the original starting point. The
freehand tool was used in order to measure the irregularly shaped lesion sections by
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dragging the mouse. The mean of three trials of freehand measurements was used in the
calculation of each lesion area.
Volumetric estimates of measured areas obtained by the ImageJ processing
program were based on the thickness of each cross-sectional area, and an inter-slice gap
of 2.5 mm. The total brain volume and lesion volumes for each subject were determined
by the following formula, and then the lesion volume as a percentage o f the brain volume
was calculated (see Tables 7, 8 and 9).

Let N denote the total number o f brain images and the number o f imagesfo r
which a lesion exists. Denote the area o f each o f these images/ lesions by A* i=l,
2 , N. The thickness o f each cross-sectional area is denoted by T and the inter
slice gap area between each cross-sectional area as S. The volume. V, is then
calculated using the formula:

V - L f A i i T ) + 2 [ .5 (A| +( + AJ x S]
i= l

i= I

The S gap is accountedfo r by using linear interpolation with the average crosssectional area o f image i and the image i+1 (Le. Vt (Aj+ Aj+,)). The lesion
volume was computed as a percentage o f the total brain volume.
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Table 9

Total brain volume (pixels x mm) and percentage of brain lesioned
GROUP
Volume of lesion

Subcortical
Cortical

Total brain Volume

Subcortical
Cortical

Percentage of

Subcortical

brain lesioned

Cortical

MEAN

SD

S E rror

8

12740.239

9075.1254

3208.5414

10

325330.52

340606.92

107709.37

9

6628158.8

690403.41

230134.47

10

7012098.0

621395.65

196502 56

8

.1865932

.1151203

4.07

10 4.3707326

4.1249018

1.3044085

N

Procedure
Subjects were recruited from Tulane affiliated hospitals for screening purposes. All
potential subjects were screened for inclusion criteria for one of the three groups through
medical record review and discharge summaries. Subjects who met inclusion criteria for
the study were contacted at a later date if selected for the study. At the beginning of the
sessions, patients were asked to sign the appropriate consent forms (Appendix L), and the
purpose and any potential risks of the experiment were explained. At this time patients
were informed of their right to discontinue participation at any time during their
participation in the study.
Patients admitted with the diagnosis of a new onset cerebrovascular accident
(CVA) over a 9 month time frame, and patient’s discharged with CVA from Tulane
Affiliated Hospitals in 1997-98 were screened for inclusion into the study. Evaluation for
possible inclusion included review of medical records, review of CT scans, clinical
interview, and successful performance on the screening measures. Neuroimaging studies
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were obtained and evaluated for lesion location and number of infarcts in subjects
considered for the experimental group.
Those patients who meet criteria for inclusion in the study were contacted by
phone and given the option of participating in the study. Inpatients who agreed to
participate were evaluated immediately, while outpatients were scheduled for a later date.
Patients were screened for clinically significant, depression, dementia, or other
neurological disorders utilizing the following measures: Neurological Exam, MMSE,
Hamilton Depression Inventory, PSMS. The subjects were given a series o f
neuropsychological tests, and tests of ideomotor apraxia. The neuropsychological
evaluation included several tests of language and motor function. The praxis evaluation
included gesture to command, gesture to imitation, and gesture comprehension in a fixed
order. Gesture to command and imitation were videotaped for scoring at the end of the
study.
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RESULTS
Relationship to Aphasia
Using the scores from the oral language subtests o f the WAB, and the overall
Aphasia Quotient (AQ; Table 10) patients were classified as aphasic or not. The
correlation between the gesture to command score and the WAB AQ was significant (r=
.782,/K .0001). The means for spontaneous speech, fluency, comprehension, repetition,
and naming for each group are listed in Table 11. In addition, subjects were administered a
number of other tests of language abilities (see Table 10).
Table 10

WAB AQ

BOSTON
NAMING

LETTER
FLUENCY

CATEGORY
FLUENCY

Mean

92.27

43.90

22.0

14.70

SD

1.986

9.83

10.969

5.3759

Mean

86.478

32.44

11.0

9.44

SD

2.761

11.46

4.6904

4.33

Mean

72.46

33.90

8.50

9.60

SD

17.90

19.51

7.3974

5.2747

GROUP
Control

Subcortical

Cortical

WAB AQ presented as percentage correct; BNT as num ber correct out o f 60.

A multivariate analysis of covariance (MANCOVA) was performed on the
dependent variables of WAB AQ and Boston Naming Test (BNT), and with group
(controls, subcorticals, and corticals) as the independent variable. The covariates of
education, age, and date since CVA in weeks, were investigated in the adjustment of the

39
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Table 11

Means and standard deviations of the WAB subtests
GROUP
Control

Subcortical

Cortical

MEAN

SPONTAN
SPEECH

FLUENCY

COMPH

REPET

NAMING

Mean

19.9

9.90

9.7250

9.60

9.410

SD

.316

.3162

.3002

.377

.543

Mean

17.00

8.667

9.1833

8.278

8.678

SD

1.118

.500

.6524

.583

.653

Mean

13.80

6.40

8.04

6.560

7.830

SD

3.084

2.1187

1.5991

3.064

2.337

Mean values are o f raw scores ofeach WAB subtest out o f a total o f 10.
Spontaneous speech is out o f 20 total points.

dependent variables. One of the covariates, education, provided significant adjustment for
the dependent measure BNT, E(l, 25)=5.117, p<.033. After adjusting for education, the
MANCOVA was significant for group (Wilks’ Lambda E(4, 48)=8.353,/K.0001). Tests
of between-subjects effects were found to be significant for the WAB AQ, E(2,
25)=11.166, /K.0001, but not for the BNT, E(2, 25)=.060, p< .942. Pair-wise
comparisons based on estimated marginal means and with adjustment for multiple
comparisons with Bonferroni revealed that the cortical group had significantly lower AQ
scores than the controls, and when compared to the subcortical patients (see Table 12).
The subcortical group did not have significantly lower scores on the WAB than the control
group.
A second MANCOVA, performed on the subtests o f the WAB with education as a
covariate, was found to be significant, Wilks’ Lambda E (8,44) = 4.712,/K .0001. The
tests of between-subjects effects were also significant for 3 o f the following 4 subtests
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Table 12

*air-wise comparisons for the WAB AQ

Dependent Variable
w Ab a q

(I) GROUP
Control
Subcortical
Cortical

BOSTON NAMING

Control
Subcortical
Cortical

(J) GROUP
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical

Mean
Difference
(W)
11.724
25.507*
-11.724
13.783*
-25.507*
-13.783*
1.180
2.311
-1.180
1.131
-2.311
-1.131

Std. Error
6.239
5.614
6.239
5.097
5.614
5.097
7.623
6.860
7.623
6.227
6.860
6.227 I

Sta*
.216
.000
.216
.036
.000
.036
1.000
1.000
1.000
1.000
1.000
1.000

Based on estimated marginal means
*• The mean difference is significant at the .05 level,
a. Adjustment for multiple comparisons: BonfenonL

comprising the WAB AQ: spontaneous speech, E(2,25)= 18.88, /K.0001, comprehension,
E(2,25)= 5.804,/rc.009, and repetition, E(2,25)= 7.738,/K .002. Naming was not found
to be significant between groups, E(2,25)= 2.102,p<. 143. Pair-wise comparisons based
on estimated marginal means with Bonferroni adjustment were performed and revealed
that the cortical group had significantly lower scores on the spontaneous speech subtest
when compared to the control group, and subcortical patients (Table 13). Also, the
cortical group performed significantly lower than the control group on the comprehension
and repetition subtests. The subcortical group’s performance did not differ significantly
from that of the controls, and none of the other comparisons were found to be significant.
Each experimental subject was classified according to aphasia type utilizing the
standard taxonomy suggested by Kertesz (1979; 1982; see Tables 5,13, and 14). Also,
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Tables 14 and 15 include each subject’s performance on the comprehension subtest of the
WAB, WAB AQ, gesture to command, and corresponding anterior/ posterior dimension.
Table 13
Pair-wise comparisons for the subtests of the WAB

Dependent Variable
spontaneous speech

(1) GROUP
Control
Subcortical
Cortical

comprehension

Control
Subcortical
Cortical

repetition

Control
Subcortical
Cortical

naming

Control
Subcortical
Cortical

fj) GROUP
subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical

Mean
Difference
<W)
2.710
5.958*
-2.710
3.248*
-5.958*
-3.248*
.508
1.660*
-.508
1.152
-1.660*
-1.152
2.137
3.650*
-2.137
1.513
-3.650*
-1.513
.595
1.478
-.595
.882
-1.478
-.882

Std. Error
1.122
1.010
1.122
.917
1.010
.917
.597
.537
.597
.488
.537
.488
1.041
.937
1.041
.850
.937
.850
.849
.764
.849
.694
.764
.694

Based on estimated marginal means
*. The mean difference is significant at the .05 level,
a. Adjustment for multiple comparisons: Bonferroni.
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Ski*
.070
.000
.070
.005
.000
.005
1.000
.015
1.000
.079
.015
.079
.152
.002
.152
.262
.002
.262
1.000
.194
1.000
.645
.194
.645
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Table 14

Aphasia type, language performance, and gesture to command for the cortical group
Sub#

A/P

APHASIA

WAB AQ

COMPH

COMMAND

COl

A

Transcortical Motor

73.3

8.05

46.67

C02

A

Anomic

77.8

7.90

59.44

C03

P

Anomic

85.9

9.45

37.78

C04

P

Conduction

92.4

9.60

52.77

C05

P

Anomic

81.4

9.80

57.78

C06

P

Conduction

66.3

7.25

53.33

C07

P

Anomic

91.7

9.85

75.56

C08

A-P

Broca’s

45.2

5.80

25.56

C09

A-P

Broca’s

40.2

5.70

24.67

CO10

A-P

Conduction

70.4

7.00

48.33

WAB and Gesture scores are out o f 100%; Comprehension scores are out o f 10 points.

Table 15
Aphasia type, language performance, and gesture to command for the subcortical
APHASIA
Sub # A/P
COMPH COMMAND
WAB AQ
SCI

A

Anomic

89.9

9.65

57.80

SC2

A

Anomic

84.8

9.40

56.67

SC3

A-P

Anomic

86.8

9.00

63.00

SC4

A-P

Anomic

86.2

8.10

50.50

SC5

A-P

Anomic

84.3

9.45

64.00

SC6

A-P

Anomic

88.4

9.80

56.70

SC7

P

Anomic

88.3

9.55

86.90

SC8

P

Anomic

81.0

8.10

47.00

SC9

A-P

Anomic

88.6

9.60

37.00
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Apraxia Scoring Reliability
Two raters initially scored the videotapes, and a third rater independently scored
both the quantitative and qualitative aspects of a subset of the patients. Mean inter-rater
agreement regarding the severity of apraxia in gesture to command (quantitative score of
0-6) revealed a significant Pearson Product Moment Correlation of .981 (p<.003). Inter
rater correlations for each o f the error categories (spatial, content, other) across each of
the produced gestures, ranged from .90S to .98S and were all significant (p<.05).
Temporal error ratings between raters were less reliable and revealed a Pearson Product
Moment Correlation of .730. Additionally, inter-rater correlations for each of the error
types, revealed high inter-rater reliability for assignment of BPO errors (.97), internal
configuration errors (.98), and amplitude errors (.931), significant at the p< .05 level.
However, the reliability o f assignment of external configuration errors (.703) and
movement errors (.534) was somewhat lower.
T ask D em ands

Hypothesis 1 Changes in performance of skilled movements were examined by a
repeated measures MANOVA with task demand (command, imitation, comprehension) as
the within subjects repeated variable. Group (cortical/ subcortical/ controls) was analyzed
as the between-subjects variable. The covariates of age, education, and date of CVA were
investigated in the adjustment of the dependent variables, but were not utilized in the
equation because they did not provide significant adjustment for the dependent measures
{p<52\, /k.435, /K .457, respectively). The effect of modality or task demands on
performance o f skilled movements was evaluated and the multivariate analysis was
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significant for task demands (command, imitation, comprehension) (Wilks’ Lambda (2,
25) = 31.367,/K .0001) and for task demands by group (Wilks’ Lambda (4, 52) = 2.697,
/K .041; see Table 11). The within-subjects tests were also significant for gesture (F (1,
26) = 46.418,/K.0001) and for gesture by group (F (2, 26) = 6. 186,/ t<.006). Pair-wise
comparisons for gesture revealed that gesture to command produced significantly lower
scores across groups when compared to gesture to imitation (p<0001), and the gesture
comprehension task demand (/x.0001). The gesture to imitation task also produced
significantly lower scores (p<05) when compared to the gesture comprehension task.
A second MANCOVA was performed on the dependent measures of gesture to
command, gesture to imitation, and gesture comprehension, with group as the betweensubjects variable. Education level significantly adjusted for gesture comprehension and
was included in the multivariate analysis, E(l, 25)=6.343,/K.019. After controlling for
education, the multivariate analysis was significant for group, Wilks’ Lambda, E(6,46)=
2.963, /K .016. Tests of between-subjects effects were significant for gesture to command
(E(2, 25)=10.727,/K .0001), and gesture to imitation (E(2, 25)=7.658, /K.003), but not
for gesture comprehension (E(2, 25)= .497,/K.614). Pair-wise comparisons based on
estimated marginal means and with adjustment for multiple comparisons with Bonferroni
revealed that the cortical group had significantly lower scores on the gesture to command
and gesture to imitation tests when compared with the controls, while the subcortical
group had significantly lower scores on the gesture to command task when compared with
controls. There was no significant difference between the cortical and subcortical groups
for any of the gesture tasks (see Tables 16 and 17; Figure 1).
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Table 16

Means and standard deviations for gestures
GROUP

MEAN

COMMAND

IMITATION

Control

Mean

84.2133

92.89

90.3337

SD

10.834

7.2372

8.5276

Mean

57.73

68.922

78.888

SD

13.7718

12.2336

14.0436

Mean

48.189

60.1820

77.333

SD

15.6029

20.4398

15.6978

Subcortical

Cortical

C O B ffM p

Gesture scores are presented in percentage correct.

Table 17
*air-wise comparisons for task demands by group

Dependent Variable
GfesTuRE T 6 66MMAKIb

(It GROUP
Control
Subcortical
Cortical

GESTURE TO IMITATION

Control
Subcortical
Cortical

GESTURE TO COMPRH

Control
Subcortical
Cortical

(J) GROUP
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical

Mean
Difference
(W)
19.883*
31.085*
-19.883*
11.202
-31.085*
•11.202
18.831
28.864*
-18.831
10.033
-28.864*
-10.033
2.436
10.592
-2.436
8.156
-10.592
-8.156

Std. Error
7.480
6.731
7.480
6.110
6.731
6.110
8.211
7.389
8.211
6.708
7.389
6.708
6.748
6.072
6.748
5.512
6.072
5.512

Based on estimated marginal means
*. The mean difference is significant at the .05 level,
a. Adjustment for muMpte comparisons: Bonferroni.
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Sta.a
.040
.000
.040
.236
.000
.236
.092
.002
.092
.442
.002
.442
1.000
.280
1.000
.454
.280
.454
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Estimated Marginal Means of Task Demands
100
90

*

80
M
C
ft
0
2

GESTURE
1

2

!

I

«>
COMMAND
IMITATION

*
Control

COMPREH
Subcortical

Cortical

GROUP

Fstinyitfd marginal means from MANCOVA for task demands
(command, imitation, comprehension), after educational level was adjusted.
Figure 1• Mean performance of task demands by group
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Relationship to Physical Self-Maintenance Scale
H ypothesis 2 The relationship between apraxia severity and the subject's ability to

perform functional activities which require skilled movement (PSMS; see Table 18) were
analyzed by Pearson Product Moment correlation. The correlation revealed a significant
positive relationship, i=.529, p<.002, between the total score on the Physical SelfMaintenance Scale (PSMS) and the total apraxia score. A simultaneous multiple
regression procedure was utilized to regress the PSMS categories (toileting, feeding,
dressing, grooming, physical ambulation, and bathing) on apraxia severity to determine
which impairments in daily activities best predicted an apraxic disturbance. The overall
regression equation was significant, E= 2.836, p<.037, and revealed that toileting
accounted for more variance in the severity of apraxia, t=2.659,p<.015, than the other
PSM S categories. This was a consistent finding, even when the date since CVA in weeks

was controlled for in the regression equation, t=2.586, p<.05.
Table 18
Means and SD of PSMIS categories
Control

Subcort

Cortical

TOIL

FEED

DRESS

GRM

AMB

BATH

Mean

1.0

1.10

1.0

1.0

1.5

1.0

SD

.00

.32

.00

.00

.85

.00

Mean

1.13

1.38

1.50

1.38

2.38

1.75

SD

.35

.52

.76

.74

.74

.71

Mean

2.00

1.40

1.0

1.25

1.71

1.32

SD

1.41

.52

.00

.52

.70

.48

Means are presented in raw scores with 1-no difficulty to 5-greatest difficulty.
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A MANCOVA was performed on the PSMS categories (toileting, feeding,
dressing, grooming, ambulating, and bathing) with group (controls, subcorticals, corticals)
as the independent variable. Means and standard deviations are presented in Table 18. The
covariates of education, age, and date since CVA were investigated, and revealed that
only date since CVA provided significant between groups adjustment for the dependent
measure bathing, £(1, 22), p<.013. When controlling for the date since CVA in weeks,
the MANCOVA was found to be significant for group (Wilks’ Lambda £(12, 38),
p<032). Between-subjects analyses were significant for dressing (E(2, 22),/K.04),
ambulating (E(2, 22), p< 03l), and bathing (E(2, 22), p<005). The PSMS categories o f
toileting (E(2, 22),p< 0%2, feeding (E(2,22),/K .348), and grooming (E(2, 22),/K .498)
were not statistically significant between groups. Pair-wise comparisons based on
estimated marginal means (Table 19) and with adjustment for multiple comparisons with
Bonferroni revealed that even when controlling for the date since CVA, the subcortical
group evidenced greater impairment in ambulation, and bathing when compared with the
cortical group. No other comparisons were found to be significant (see Table 19).
Follow-up analyses were conducted to determine if motor performance was more
highly correlated than apraxia with PSMS scores for ambulation and bathing, given the
finding that subcortical patients evidenced greater difficulty in ambulation and bathing
when compared with cortical patients and controls. Two simultaneous multiple regressions
were performed between scores on the PSMS for ambulation and bathing as the
dependent variables, and date since CVA, motor tasks, and gesture to command as the
independent variables. Tables 20 and 21 display the standardized regression coefficients
(P), the semipartial correlations (sr2), t-values and significance levels for the variables.
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Table 19

Pair-wise comparisons for PSMS categories
Mean
Difference
Dependent Variable
fo lL E t

(I) GROUP
Control
Subcortical
Cortical

FEED

Control
Subcortical
Cortical

DRESS

Control
Subcortical
Cortical

GROOM

Control
Subcortical
Cortical

AMBULATE

Control
Subcortical
Cortical

BATHING

Control
Subcortical
Cortical

GROUP
%Subcortical

Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical

0^)
-.255
-1.263
.255
-1.007
1.263
1.007
.348
-.446
.348
-9.868E-02
.446
9.868E-02
-.503
-6.372E-03
.503
.497
6.372E-03
-.497
-.334
-.317
.334
1.690E-02
.317
-1.690E-02
-.764
.323
.764
1.088*
-.323
-1.088*
-.471
.261
.471
.733*
-.261
-.733*

Std. Error
.471
.589
.471
.472
.589
.472
.246
.308
.246
.247
.308
.247
.218
.273
.218
.219
.273
.219
.273
.341
.273
.274
.341
.274
.417
.521
.417
.418
.521
.418
.227
.284
.227
.228
.284
.228

Based on estimated marginal means
*. The mean difference is significant at the .05 level,
a. Adjustment for multiple comparisons: Bonferroni.
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Sta."
1.000
.127
1.000
.130
.127
.130
.513
.481
.513
1.000
.481
1.000
.090
1.000
.090
.098
1.000
.098
.699
1.000
.699
1.000
1.000
1.000
.237
1.000
.237
.047
1.000
.047
.146
1.000
.146
.011
1.000
.011
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The regression equation (R) for bathing was significantly different from zero, £(8,
17) = 3.061,/K .025. Only three of the IVs contributed significantly to prediction of
bathing, date since CVA (sr^ .3 15), Luria motor program (sr2^. 153), and finger tapping
(sr2^ 125). Altogether, 59% of the variability in caregiver reports on bathing was
predicted by the variables in the equation. After controlling for apraxia, and motor
performance, time post CVA uniquely accounted for 31.4% of the variance in bathing.
After controlling for date since CVA, severity of apraxia, and performance on other motor
tasks, the performance on the Luria Motor Program accounted for 15.2% of the variance
in bathing, while finger tapping accounted for 12.5%.
The regression equation for ambulation (R) was not found to be significantly
different from zero, E(8, 17)=.833, p<.586. Finger tapping was the only IV which
Table 20
Standard multiple regression of date since CVA, motor tasks, and gesture to
command on bathing
P

SI*

t

»ig

Date since CVA

.933

.314721

3.614

.002

Luria Motor Program

.583

.152881

2.522

.022

Finger Tapping

-.501

.125316

-2.281

.036

Gesture to Command

.618

.084681

1.874

.078

Grooved Pegboard

-.362

.080089

-1.826

.085

Kimura Hand Postures

-.366

.050176

-1.442

.167

Kimura Hand Sequence

-.141

.005329

-.468

.646

Luria Conflict

-.336

.001296

-.233

.819

VARIABLES

768
R3=.590
Adjusted R3=.397
/? = .

si*= semipartial correlations

Luria tasks = 10 total points.
Kimura tasks = 12 total points.
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contributed significantly to the prediction of ambulation ( 81^= 21756). Of the 28% of the
variance in ambulation which was predicted by the variables in the equation, finger tapping
uniquely accounted for 21.7% when controlling for apraxia severity, date since CVA, and
performance on other motor tasks.
Table 21
Standard multiple regression of date since CVA, motor tasks, and gesture to
command on ambulation
______
___________________
P

SI3

t

>■8

Finger Tapping

-.630

.217156

-2.169

.045

Gesture to Command

.455

.060025

1.042

.312

Luria Motor Program

.269

.043681

.880

.391

Date since CV A

.277

.037249

.810

.429

Kimura Hand Sequence

-.322

.036864

-.808

.430

Kimura Hand Postures

.159

.015876

.516

.613

Grooved Pegboard

-.072

.004356

-.273

.788

-.019

.000196

-.056

.956

VARIABLES

Luria Conflict
R=.531
RJ=.282
Adjusted R1= - . 05 7

sr*

=

semipartial correlations^

Luria tasks = 10 total points.
Kimura tasks = 12 total points.

Analysis of Motor Tasks
Hypothesis 3 A multivariate analysis of variance (MANOVA) was performed on
the various motor tasks to identify group differences (cortical, subcortical, controls). The
following motor tasks were included: Luria motor programing (LMP), Luria conflict
condition (LC), Kimura hand postures (KHP) and Kimura hand sequences (KHS) See
Table 22 for means and standard deviations. The covariates of education, age, and date
since CVA in weeks, were investigated in the adjustment of the dependent variables. None
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of the covariates provided significant adjustment for the dependent measures. The
multivariate analysis revealed a significant effect of group on the number of motor errors,
F(9, 42) = 5.069, p< .0001 (Eta Squared = .491; Power = .995). The Univariate tests for
each motor task were also found to be significant and are listed in Table 23. The
Univariate tests were significant for all four motor tasks.
Table 22
deans for motor tasks by group
MEAN
FT
GROUP
Control

Subcortical

Cortical

GP

KHP

KHS

LC

LMP

Mean

32.900

153.80

11.1111

10.8750

9.8889

8.44

SD

8.654

66.67

1.2693

.9910

.3333

2.40

Mean

22.267

483.67

10.1111

8.2222

6.1111

3.67

SD

8.384

578.10

1.3642

2.7739

4.1062

4.09

Mean

29.100

171.40

7.6667

6.000

8.3000

3.00

SD

9.836

68.46

2.6926

2.500

3.1990

3.74

Finger tapping (FT) = mean o f 5, 10 sec trials. Grooved pegboard (GP) - secs, to completion.
Luria tasks = 10 total points; Kimura tasks = 12 total points.

Table 23
Univariate tests of Luria and Kimura motor tasks
Sam of Squares

F

Si*.

Eta Square

Power

LMP

137.081

5.604

.010

.318

.810

LC

64.463

3.396

.050

.221

.583

KHP

56.816

7.950

.002

.398

.928

KHS

106.847

10.826

.0001

.474

.981

d f= 2, 24

Pair-wise comparisons based on estimated marginal means and with Bonferroni
adjustment for multiple comparisons are listed in Table 24. The cortical group was found
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to have significantly greater impairment on the LMP, KHP, and KHS motor tasks when
compared to the control group. The cortical group’s performance was also found to be
significantly more impaired than the subcortical group for KHP. The subcortical group had
significantly lower scores on both of the Luria tasks when compared to controls, while
their performance on the Kimura tasks were not found to be significantly different from
controls (see Table 24). Motor scores for each subject by cortical and subcortical groups
are presented in Tables 25 and 26 and Figure 2.
Table 24
‘air-wise comparisons for Luria and Kimura motor t asks by grou P
Dependent Variable
MOTOR PROGRAM

lu r a

(1) GROUP
Control
Subcortical
Cortical

LURIA CONFUCT

Control
Subcortical
Cortical

KIMURA HAND
POSTURES

Control
Subcortical
Cortical

KIMURA HAND
SEQUENCE

Control
Subcortical
Cortical

(J) GROUP
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical

Mean
Difference
(l-J>
4.604*
4.938*
-4.604*
.333
-4.938*
-.333
3.764*
1.542
-3.764*

-2.222
-1.542

2.222
1.011
3.456*
-1.011
2.444*
-3.456*
-2.444*
2.644
4.667*
-2.644

2.222
-4.067*

-2.222

Std. Enor
1.649
1.649
1.649
1.649
1.649
1.649
1.452
1.452
1.452
1.452
1.452
1.452
.891
.891
.891
.891
.891
.891
1.047
1.047
1.047
1.047
1.047
1.047

Based on estimated marginal means
*. The mean difference is significant at the .05 level
a. Adjustment for multiple compartoons: BonferronL
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Sta*
.030
.019
.030
1.000
.019
1.000
.048
.896
.048
.417
.896
.417
.803
.002
.803
.034
.002
.034
.056
.000
.056
.133
.000
.133
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KIMURA HAND POSTURES
KIMURAHAND SEQUENCE
«

\
LURIACONFLICT

c
ID
«
2

•

LURA MOTOR PROGRAM
Control

Subcortical

Cortical

GROUP

Mean score for motor tasks out of 10 total points for Luria
and 12 points for Kimura tasks.
Figure 2• Kimura and Luria motor tasks by group
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Table 25

Motor task scores for cortical subjects
LC
Sub#

LMP

KHP

KS

COl

8

0

C02

10

10

7

8

C03

10

1

8

8

C04

10

8

6

4

C05

10

5

10

8

C06

10

1

11

4

C07

10

5

11

9

C08

4

0

8

4

C09

1

0

4

2

CO10

10

1

4

7

Luria tasks = 10 total points; Kimura tasks = 12 total points.

Table 26
Motor task scores for subcortical su jjects
Sub#

LC

LMP

KHP

KS

SCI

10

5

11

10

SC2

10

10

10

8

SC3

7

2

9

12

SC4

2

1

12

9

SC5

3

0

9

3

SC6

10

10

10

10

SC7

10

0

10

10

SC8

0

5

12

6

SC9

3

0

8

6
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A MANCOVA was performed on the dependent measures o f finger tapping (FT)
and grooved peghoard (GP) with group (controls, subcordcals, and corticals) as the
independent variable (see Table 22 for means). The covariates of education, age, and date
since CVA in weeks were investigated in the adjustment o f FT and GP. Age was found to
significantly adjust the overall multivariate analysis, Wilks’ Lambda E(2,22)=4.492,
/x .023, and for FT, E (l, 23)=5.621, /X.010. After adjusting for age, the MANCOVA was
significant for group, Wilks’ Lambda E (4,48) = 3.288,/X.018. The tests of betweensubjects effects were found to be significant for FT, E(2,25)=5.340,p< 012, and
approached significance for GP, E(2,25)=3.238,/K.056. Pair-wise comparisons based on
estimated marginal means and with Bonferroni correction for multiple comparisons,
revealed that the subcortical group had significantly lower scores on FT when compared
to controls (see Table 27). None of the other comparisons were significant.
Table 27
Pair-wise comparisons for finger tapping and grooved pegboard

Dependent Variable
1 SCORE FINGER
TAPPING

(I) GROUP
Control
Subcortical
Cortical

Z SCORE GROOVED
PEGS

Control
Subcortical
Cortical

(J) GROUP
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical

Mean
Difference
Std. Error
(l-J)
1.267*
.388
.660
.382
.388
-1.267*
-.607
.391
.382
-.660
.391
.607
2.101
5.065
.944
2.068
-5.065
2.101
2.116
-4.121
-.944
2.068
4.121
2.116

Based on estimated marginal m eans
*. The mean difference is significant at the .05 level,
a. Adjustment for multiple comparisons: BonferronL
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s ig .\
.010
.289
.010
.400
.289
.400
.071
1.000
.071
.188
1.000
.188
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The relationship between motor performance and apraxia severity was analyzed by
a simultaneous regression with the various Kimura and Luria tasks regressed on gesture to
command performance. Table 29 displays the standardized regression coefficients (0), and
the semipartial correlations (sr2). while Table 28 displays the correlations between the
variables. The regression equation (R) was significantly different from zero £(4,
22)=11.345, /K.0001. Only one o f the IVs contributed significantly to prediction of
gesture to command performance. After controlling for performance on the Luria motor
tasks and Kimura hand sequence, Kimura hand postures uniquely accounted for 6.6% of
the variance in apraxia severity. Altogether, 67.4% of the variance in gesture to command
performance was predicted by the variables in the equation, with most of the variability
accounted for by overlapping variance (50.89%) between the motor tasks.
Table 28
Standard multiple regression of Luria and Kimura motor tasks on gesture to command
VARIABLES

P

s«*

t

s>g

Kimura Hand Postures

.330

.066049

2.113

.046

Kimura Hand Sequences

.340

.0529

1.890

.072

Luria Conflict

.253

.035721

1.551

.135

Luria Motor Program

.130

.010404

.836

.412

R -.8 2 1
R3=.674
A djusted R3=.6l4

sr3 = semipartial correlations

A second simultaneous regression was conducted with the various motor tasks,
and lesion location (group) regressed on gesture to command performance. The regression
equation (R) was significantly different from zero £(5, 27)=13.369, pc.OOOl. Lesion
location (cortical, subcortical) contributed an additional 8.76% of unique variance in the
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Table 29
Correlations between gesture to command and Luria and Kimura motor tasks

Pearson Correlation

Slg. (1-tailed)

GROUP

LURA
MOTOR
PROGRAM

LURIA
CONFLICT

KIMURA
HAND
POSTURES

KIMURA
HAND
SEQUENCE

1.000

-.730

.570

.572

.622

.734

GROUP
LURA MOTOR PROGRAM

-.730

1.000

-.505

-.191

-.614

-.688

.570

-.505

1.000

.531

.406

.503

LURIA CONFLICT
KIMURA HAND
POSTURES
KIMURA HAND
SEQUENCE
GESTURE TO COMMAND

.572

-.191

.531

1.000

.182

.558

.622

-.614

.406

.182

1.000

.567

.734

-.688

.503

.558

.567

1.000

.

.000

.001

.001

.000

.000

GROUP
LURA MOTOR PROGRAM

.000

.004

.169

.000

.000

.002

.018

.004

.182

.001

GESTURE TO COMMAND

LURIA CONFLICT
KIMURA HAND
POSTURES
KIMURA HAND
SEQUENCE

GESTURE
TO
COMMAND

.001

.004

.001

.169

.002

.000

.000

.018

.182

.000

.000

.004

.001

.001
.001

VO
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variability o f gesture to command performance, with a total of 76.1% variance accounted
for by all the variables in the equation. After controlling for lesion location and the other
motor tasks, the Luria Conflict motor task uniquely contributed 8.4% of the variance in
apraxia severity. No other IV made a statistically significant contribution despite
significant correlations between each IV and the gesture to command task. Similar to the
first regression equation, over half of the variance (58.94) was accounted for by
overlapping variance in the IVs Tables 28 and 30 present correlations and standardized
coefficients.
Table 30
Standard multiple regression of group, and motor tasks on gesture to command
VARIABLES

P

sr1

t

Group

-.488

.087616

-2.771

.011

Luria Conflict

.421

.0841

2.715

.013

Kimura Hand Postures

.228

.029584

1.610

.122

Kimura Hand Sequences

.040

.000484

.210

.835

Luria Motor Program

-.013

.0001

-.092

.928

R=.872
R3=. 761
Adjusted R2=. 704

sr3 = semipartial correlations

Analysis of Lesion Location to Type of Apraxic Errors
The lesions of the left hemisphere stroke groups (cortical, subcortical) were
classified as anterior, posterior, or anterior-posterior. Means for the various gestures and
motor tasks are listed by anatomical subcortical/ cortical, and anterior/ posterior
dimensions (see Appendix M).
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Hypothesis 4a Two separate MANOVAs were performed on the transitive and
intransitive gestures comprising the gesture to command test. The first MANOVA was
performed for the total scores of the transitive (pantomimes involving the use of an object
or tool) and intransitive gestures with group (cortical, subcortical) as the between
subjects’s variable. The covariates o f age, education, and date since CVA in weeks, were
investigated in the adjustment of the dependent variables. None of the covariates provided
significant adjustment for the variables, and were not included in the analysis. The
MANOVA was significant for group (Wilks’ Lambda E(4, 50)=5.218, / k :.0001. Tests of
between-subjects effects were significant for transitive, £(2, 26)=31.022, /K.0001, and
intransitive, E(2,26)=5.146,/K.013 gestures. Pair-wise comparisons based on estimated
marginal means with adjustment for multiple comparisons with Bonferroni were
performed and are listed in Table 31.
Table 31
Pair-wise comparisons for transitive and intranative gestures

Dependent Variable
TRANSIT2

fl)GROUP
Control
Subcortical
Cortical

INTRANS2

Control
Subcortical
Cortical

CJ) GROUP
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical

Mean
Difference
Std. Error
fl-J)
34.519*
5.675
40.500*
5.524
-34.519*
5.675
5.981
5.675
-40.500*
5.524
-5.981
5.675
13.611
8.016
25.000*
7.802
-13.611
8.016
11.389
8.016
-25.000*
7.802
-11.389
8.016

Based on estimated marginal means
*. The mean difference is significant at the .05 level,
a. Adjustment for muMpie comparisons: Bonferroni.
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S<g.a
.000
.000
.000
.90S
.000
.905
.304
.011
.304
.502
.011
.502
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The cortical group had significantly greater impairment for the transitive gestures
than the controls and the subcortical group, while the subcortical group had significantly
lower scores on the transitive gestures than the control group. Also, the cortical group had
significantly lower scores than the control group for the intransitive gestures. None of the
other comparisons for the intransitive gestures were found to be significant.
A second MANOVA was conducted with transitive and intransitive gestures as the
dependent measures, and anterior/ posterior group as the independent measure. The
MANOVA was significant for anterior/ posterior group, Wilks’ Lambda E(6, 48)=13.97,
/K.0001. Tests of between-subjects effects were found to be significant for both transitive
E(3,25)=36.047, /K .0001, and intransitive gestures E(3, 25)=4.917, /K.008. Pair-wise
comparisons based on estimated marginal means and with adjustment for multiple
comparisons with Bonferroni revealed that the posterior group had significantly lower
scores on the transitive gestures than compared with the anterior-posterior group, and that
all three groups (anterior, posterior, and anterior-posterior groups) had significantly
greater impairment when compared with controls (see Table 32). The only comparison
which was found to be significant for the intransitive gesture was between the posterior
group and the controls.
Specific error types Direct discriminant functional analysis was performed with the
frequency of the specific error types (see Appendix K) forced into the equation as
predictors in the three groups (cortical/ subcortical/ controls). Univariate F ratios (2, 26
df) for the individual predictors were significant for five o f the predictors (error types) at
the .05 level (Table 33).
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Table 32

Dependent Variable
TRANSITS

(1) ANT.POST
None

Anterior

Posterior

Anterior-Posterior

INTRANS2

None

Anterior

Posterior

Anterior-Posterior

(J) ANT.POST
Anterior
Posterior
Anterior-Posterior
None
Posterior
Anterior-Posterior
None
Anterior
Anterior-Posterior
None
Anterior
Posterior
Anterior
Posterior
Anterior-Posterior
None
Posterior
Anterior-Posterior
None
Anterior
Anterior-Posterior
None
Anterior
Posterior

Mean
Difference
(l-J)
40.375*
47.905*
27.354*
-40.375*
7.530
-13.021
-47.905*
-7.530
-20.551*
-27.354*
13.021
20.551*
12.500
31.548*
12.708
-12.500
19.048
.208
-31.548*
-19.048
-18.839
-12.708
-.208
18.839

Std. Error
5.942
4.950
4.764
5.942
6.295
6.151
4.950
6.295
5.198
4.764
6.151
5.198
9.862
8.215
7.907
9.862
10.449
10.208
8.215
10.449
8.628
7.907
10.208
8.628

Si0.a
.000
.000
.000
.000
1.000
.286
.000
1.000
.003
.000
.266
.003
1.000
.004
.723
1.000
.482
1.000
.004
.482
.232
.723
1.000
.232

Based on estimated marginal means

The error types were movement errors (E(2,26)=25.198,p< 000\), external configuration
errors (E(2,26)=11.313,/K.0001), BPO errors (E(2,26)=10.424,/?<0001), timing errors
(E(2,26)=7.102,/K.003) and internal configuration errors (E(2,26)=3.980,/K. 031). The
following error types did not yield statistical significance between groups: amplitude
errors, sequencing errors, occurrence errors, related content errors, unrelated content
errors, perseveradve errors, unrecognizable errors, and no response.
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Table 33

Univariate F ratios and significance levels for error types
bpo errors
internal configuration
errors
external configuration
errors
movement errors
amplitude errors
sequencing errors
timing errors
occurrence errors
related content errors
unrelated content
perseverative errors
unrecognizable errors
no response

Wilks1
Lambda
.555

F
10.424

.766

2

26

Sig.
.000

3.980

2

26

.031

.535

11.313

2

26

.000

.340
.987
.826
.647
.916
.977
.907
.860
.827
.812

25.198
.175
2.739
7.102
1.193
.308
1.329
2.108
2.711
3.003

2
2
2
2
2
2
2
2
2
2

26
26
26
26
26
26
26
26
26
26

.000
.840
.083
.003
.319
.738
.282
.142
.085
.067

df2

df1

On the basis o f all predictors entered, there was reliable association between
groups and predictors x2(26) = 53.629, p< 001. After removal of the first function,
reliable association was not maintained, x2 (12) = 13.305,/K .347. The two discriminant
functions accounted for 87.3% and 12.7%, respectively, of the between-group variability
in discriminating among groups. The first discriminant function separated the controls
from the cortical and subcortical patients, while the second discriminant function separated
the cortical group from the subcortical group.
The loading matrix o f correlations between predictors and discriminant functions,
indicated that the first discriminant function, which separates controls from both cortical
and subcortical patients, indicated that external configuration errors (.365), timing errors
(.275), sequencing errors (.177), and amplitude errors (.045) had the largest absolute
correlations with the discriminant function (see Table 34). Conversely, the other error
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Table 34

Pooled within-groups correlations between variables and discriminant functions
Function
1
external configuration
errors
timing errors
sequencing errors
amplitude errors
movement errors
bpo errors
perseverative errors
unrecognizable errors
no response
internal configuration
errors
occurrence errors
unrelated content
related content errors

2

.365*

-.074

.275*
.177*
.045*
.509
.310
.096
.147
.160

-.240
.087
-.020
-.516*
-.433*
.329*
.268*
.260*

.195

-.249*

.092
.111
.037

.197*
.155*
.126*

Variables ordered by absolute size of correlation within function.
*. Largest absolute correlation between each variable and any discriminant function

types had significant correlations with the second discriminant function, which separates
cortical patients from subcortical patients.
With the use of Fisher’s linear discriminant function and prior probabilities based
on group size for classification, 89.7% of the subjects were classified correctly. The
classification procedure accurately classified 100% (n=10) of the controls, 88.9% (n=8) of
the subcorticals, and 80% (n=8) of the cortical patients. The classification scheme
misclassified 11.1% (n=l) of the subcortical patients as having cortical impairment, and
20% (n=2) of the cortical patients as having subcortical impairment. All o f the stroke
patients were accurately classified as having brain impairment based on the apraxia
battery. See Figure 3 for a plot of canonical discriminant functions by cortical/ subcortical
group.
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A second discriminant analysis was conducted to examine discrimination between
controls and the cortical patients based on error types. Univariate F ratios with 1 and 18 df
for the individual predictors were significant for four of the predictors at the .01 level. The
error types were movement errors (E=23.432,/K .0001), external configuration errors
(E=l 7.929,/K.0001), timing errors (E=14.614,/K.001), and BPO errors (E=8.720,
p< 009; see Table 35).
There was reliable association between groups and predictors, x2 (12) - 34.737,
/K.001, with this function accounting for 100% of the variability between the cortical and
control groups. Movement errors had the highest loading, followed by external
configuration errors, followed by timing errors, followed by BPO errors. The classification
procedure accurately classified all 10 of the cortical patients, and all 10 of the controls.
Table 35
Univariate F ratios and significance levels for error types for controls vs corticals
bpo errors
internal configuration
errors
external configuration
errors
movement errors
amplitude errors
sequencing errors
timing errors
occurrence errors
related content errors
unrelated content
perseverative errors
unrecognizable errors

WHks'
Lambda
.674

F
8.720

.840

Sto-

df2

df1
1

18

.009

3.439

1

18

.080

.501

17.929

1

18

.000

.434
.986
.808
.552
.920
.981
.886
.890
.813

23.432
.249
4.287
14.614
1.572
.357
2.311
2.227
4.145

1
1
1
1
1
1
1
1
1

18
18
18
18
18
18
18
18
18

.000
.624
.053
.001
.226
.557
.146
.153
.057
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The third discriminant function separated subcortical patients from controls,
excluding one of the predictor variables, perseverative errors, which failed the tolerance
test. Univariate F ratios with 1 and 17 df were significant for movement errors (E =
44.771,/?< 0001), BPO errors (E = 25.951, p< 0001), external configuration errors (E =
23.404,/K .0001), timing errors (E = 12.128, p<.003), and internal configuration errors (E
= 9.647, p<.006; see Table 36). This discriminant function did yield reliable association
between groups and predictors, x2 (11) = 27.467, /K .004. Movement errors had the
highest loading, followed by BPO errors, external configuration errors, and timing errors.
See Tables 37 and 38 for a comparison of error type loadings for the second (corticals vs
controls) and third (subcorticals vs controls) discriminant functional analyses.
Table 36
Univariate F ratios and significance levels for error types for controls vs su >corticals
bpo errors
internal configuration
errors
external configuration
errors
movement errors
amplitude errors
sequencing errors
timing errors
occurrence errors
related content errors
unrelated content
perseverative errors
unrecognizable errors

WHks'
Lambda
.396

F
25.951

.638

df2

df1
1

17

Sig.
.000

9.647

1

17

.006

.421

23.404

1

17

.000

.275
.986
.733
.584
.855
1.000
.937

44.771
.238
6.194
12.128
2.876
.000
1.151

1
1
1
1
1
1
1

17
17
17
17
17
17
17

.000
.632
.023
.003
.108
1.000
.298

.876

2.406

1

17

.139
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Table 37

Variable loadings for discriminant analysis 2 (controls vs corticals)
movement errors
external configuration
errors
timing errors
bpo errors
sequencing errors
unrecognizable errors
internal configuration
errors
unrelated content
perseverative errors
occurrence errors
related content errors
amplitude errors

Function
1
.276
.241
.218
.168
.118
.116
.106
.087
.085
.072
.034
.028

Variables ordered by absolute size of correlation within function.

Table 38
Variable loadings for discriminant analysis 3 (controls vs subcorticals)
movement errors
bpo errors
external configuration
errors
timing errors
internal configuration
errors
sequencing errors
occurrence errors
unrecognizable errors
unrelated content
amplitude errors
related content errors

Function
1
.516
.393
.373
.268
.239
.192
.131
.120
.083
.038
.000

Variables ordered by absolute size of conelaiion within function.
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A fourth direct discriminant function analysis was performed with the frequency of
the specific error types forced into the equation as predictors of assignment to anterior,
posterior, and anterior-posterior dimensions. Univariate F ratios with 3 and 25 df for the
individual predictors were significant for 7 of the predictors (error types) at the .05 level
(Table 39). The error types were movement (E = 15.776,/K .0001), external configuration
(E = 11.169, /K.0001), internal configuration (E = 6.437, p<.002), BPO errors (E = 6.205,
/?< 003), sequencing errors (E = 6.241,/K.003), timing errors (E = 4.595,/K .011), and
unrecognizable errors (E = 3.282,/K.037).
On the basis of all predictors entered, there was reliable association between
groups and predictors x2 (39) = 80.111, /K.0001. After removal of the first function,
reliable association was maintained, x2(24) = 39.822, / K . 022. However, after removal o f
the first two functions reliable association was not maintained, x2 (11)—15.725, / K . 152.
Table 39
Univariate F ratios for error types by anterior/ posterior group
bpo errors
internal configuration
errors
external configuration
errors
movement errors
amplitude errors
sequencing errors
timing errors
occurrence errors
related content errors
unrelated content
perseverative errors
unrecognizable errors
no response

Wilks'
Lambda
.573

F
6.205

.564

3

25

Slfl.
.003

6.437

3

25

.002

.427

11.169

3

25

.000

.346
.908
.572
.645
.820
.889
.899
.860
.717
.781

15.776
.845
6.241
4.595
1.831
1.041
.937
1.351
3.282
2.335

3
3
3
3
3
3
3
3
3
3

25
25
25
25
25
25
25
25
25
25

.000
.483
.003
.011
.167
.392
.438
.281
.037
.098

df1

df2
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The first discriminant function accounted for 65.2% o f the between-group variability,
while the second and the third discriminant functions accounted for 23.1% and 11.7%
respectively of the between-group variability in discriminating among groups. The first
discriminant function separated controls from the stroke groups, the second discriminant
function separated the anterior and posterior group from the anterior-posterior group, and
the third discriminant function separated the anterior group from the posterior and
anterior-posterior group.
The loading matrix of correlations (see Table 40) between predictors and
discriminant functions, indicated that the movement errors (.464), external configuration
errors (.432), and BPO errors (.301) had the highest absolute correlations with the first
Table 40
Pooled within-groups correlations for discriminant analysis 4 (anterior/ posterior groups)
movement errors
external configuration
errors
bpo errors
timing errors
no response
internal configuration
errors
unrecognizable errors
sequencing errors
perseverative errors
occurrence errors
unrelated content
amplitude errors
related content errors

1
.464*

Function
2
.367

3
-.258

.432*

-.144

.049

.301*
.256*
.175*

.155
.162
-.128

.219
-.166
.154

.169

.479*

.111

.095
.257
.052
.121
.060
.044
.060

.363*
-.295*
.228*
-.195*
.166*
-.012
-.157

.090
.257
.116
.143
-.025
-.266*
.179*

Variables ordered by absolute size of correlation witnin function.
*■ Largest absolute correlation between each variable and any discriminant function
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discriminant function. Internal configuration (.479), movement (.367), and unrecognizable
errors (.363) had the highest loadings for the second discriminant function, while
sequencing (.257) and BPO errors (.219) had the highest loadings for the third
discriminating function (see Table 40).
With the use of Fisher’s linear discriminant function and prior probabilities based
on group size for classification, 93.1% of the subjects were classified correctly. The
classification procedure accurately classified 100% (n=10) of the controls, 75% (n=3) of
the anterior group, 100% (n=5) of the posterior group, 90% (n=9) of the anteriorposterior group. The classification scheme misclassified 25% (n=l) of the anterior group
as anterior-posterior, and 10% of the anterior-posterior group as anterior. All of the
stroke patients were accurately classified as having brain impairment based on the apraxia
battery. See Figure 4 for a plot of canonical discriminant functions by anterior/ posterior
groups.
Hypothesis 4b A MANOVA was performed on the dependent variables of gesture
recognition and gesture discrimination (the two subtests o f gesture comprehension), and
with group (controls, subcorticals, and corticals) as the independent variable. The
covariates o f age, education, and date of CVA in weeks were investigated in the
adjustment o f the dependent variables. None of the covariates provided significant
adjustment for the dependent measures and they were not included in the analysis. The
MANOVA was significant for group, Wilks’ Lambda E(4, 50)=2.748,p<038. The
Univariate tests were significant for discrimination, E(2, 26)=5.918,/ k .008, and
approached significance for recognition, E(2,26)=3.332,/K.052. Pair-wise
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comparisons based on estimated marginal means and with adjustment for multiple
comparisons with Bonferroni revealed that the cortical group had significantly greater
impairment on the discrimination task when compared to controls. Although the cortical
group had lower scores on the recognition task when compared to controls, this was not
significant (p<.059; see Table 41).
Table 41
Pair-wise comparisons for discrimination and recognition by cortical/ subcortical group

Dependent Variable
feECGNIZ

(1) GROUP
Control
Subcortical
Cortical

DISCRIM

Control
Subcortical
Cortical

(J) GROUP
Subcortical
Cortical
Control
Cortical
Control
Subcortical
Subcortical
Cortical
Control
Cortical
Control
Subcortical

Mean
Difference
(l-J)
1.567
2.100
-1.567
.533
•2.100
-.533
2.611
3.400*
-2.611
.789
-3.400*
-.789

Std. Error
.867
.844
.867
.867
.844
.867
1.060
1.031
1.060
1.060
1.031
1.060

Sifl.*
.247
.059
.247
1.000
.059
1.000
.062
.008
.062
1.000
.008
1.000

Based on estimated marginal means
*. The mean difference is significant at the .05 level,
a. Adjustment for multiple comparisons: Bonferroni.

A second MANOVA was conducted with discrimination and recognition as the
dependent variables, and with the anterior/ posterior group as the independent variable.
Since the covariates of age, education, and date of CVA in weeks did not provide
significant adjustment in the dependent variables, these were not included in the analysis.
The multivariate analysis was significant for group, Wilks’ Lambda £ (6 ,46)=2.568,
p<.031. The univariate analyses were significant for discrimination, E(3, 25)=4.330,
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/K .014, and approached significance for recognition, E(3, 25)=2.845,/?< 058. Pair-wise
comparisons based on estimated marginal means and with adjustment for multiple
comparisons with Bonferroni revealed that the anterior-posterior group had significantly
lower scores on the gesture discrimination task when compared with controls. Although
the means of the anterior-posterior group were lower than controls, this did not reach
statistical significance (see Table 42).
Table 42
Pair-wise comparisons for discrimination and recognition by anterior/ posterior group

Dependent Variable
RECGNIZ

(I) ANT.POST
None

Anterior

Posterior

Anterior-Posterior

DISCRIM

None

Anterior

Posterior

Anterior-Posterior

(J) ANT.POST
Anterior
Posterior
Anterior-Posterior
None
Posterior
Anterior-Posterior
None
Anterior
Anterior-Posterior
None
Anterior
Posterior
Anterior
Posterior
Anterior-Posterior
None
Posterior
Anterior-Posterior
None
Anterior
Anterior-Posterior
None
Anterior
Posterior

Mean
Difference
(l-J)
2.400
1.043
2.275
-2.400
-1.357
-.125
-1.043
1.357
1.232
-2.275
.125
-1.232
2.000
2.786
3.750*
-2.000
.786
1.750
-2.786
-.786
.964
-3.750•
-1.750
-.964

Based on estimated marginal means
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Std. Error
1.101
.917
.883
1.101
1.167
1.140
.917
1.167
.963
.883
1.140
.963
1.362
1.134
1.092
1.362
1.443
1.409
1.134
1.443
1.191
1.092
1.409
1.191

Sta*
.234
1.000
.098
.234
1.000
1.000
1.000
1.000
1.000
.098
1.000
1.000
.926
.128
.012
.926
1.000
1.000
.128
1.000
1.000
.012
1.000
1.000
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Analysis of Lesion Size. Lesion Location. Aphasia. Task Demands, and Motor
Performance to the Severity of Apraxia
Hypothesis 5 Regression was employed to analyze the relationship of lesion size
and location, aphasia severity and type, task demands, transitivity factor, and motor
performance to the severity of apraxia. The dependent measure of apraxia severity was
based on a combined total apraxia score across all three tasks (command, imitation,
comprehension). Dummy coding was utilized to categorize subjects on the basis o f the
severity of apraxia into the following groups: Group 1 included subjects with total apraxia
scores greater than or equal to the mean of controls; Group 2 included subjects between
the mean and 2 Sds below the mean of controls; Group 3 included subjects between 2 and
3 SDs below the mean of controls; Group 4 included subjects between 3 and 4 SDs below
the mean of controls; Group 5 included subjects with 4 SDs below the mean of controls.
Multiple predictors were entered hierarchically into the regression analysis in two
blocks. The variables of percentage of brain lesioned, anterior/ posterior lesion location,
cortical/ subcortical lesion location, aphasia type and severity, task demands (gesture,
imitation, comprehension), transitivity factor (transitive, intransitive), and motor function
(LC, LMP, KP, KHS) were regressed on apraxia severity. A hierarchical regression was
performed, and revealed that step 1 of the regression was significant for age, education,
and date since CVA in weeks, R2 = .545, F(3, 22), p <.001. After controlling for age,
education, and date since CVA in weeks, step 2 of the regression analysis was significant,
R2= .445, F(16, 6), p< .001. Only two of the IVs contributed significantly to the
prediction of the severity of apraxia, gesture to command (I = 2.589, p < .041), and
gesture to imitation (1 = -3.837, p < .009). Percentage of brain lesioned (I = 2.396, p <
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.054) approached significance. However, gesture to command (sc2= -.0108) and imitation
(sc2 = - 0237) uniquely accounted for a small percentage (1.08% and 2.37% respectively)
of the variance explained in the severity o f apraxia. The IVs in combination accounted for
99% of the variance in the severity of apraxia (see Table 43).
Table 43
Hierarchical multiple regression for the severity o f apraxia
P

sr*

t

sig

Age

.036

.000169

.335

.749

Education

-.106

.2916

-1.346

.227

Date since CVA in weeks

-.146

.00209

-1.166

.288

Group

-.029

.000025

-.135

.897

WABAQ

.062

.0000225

.378

.719

Aphasia Type

.307

.0025

1.247

.259

Percentage brain lesioned

.305

.0092

2.396

.054

Anterior-Posterior

.085

.0004

.499

.636

Gesture Comprhension

-.227

.002304

-1.195

.277

Gesture Command

-.487

.0108

2.589

.041

Gesture Imitation

-.629

.0237

-3.837

.009

Transitive Gestures

-.011

.000004

-.047

.964

Intransitive Gestures

.057

.000225

.374

.721

Grooved Pegboard

.008

.000016

.105

.920

Finger Tapping

.119

.003

1.362

.222

Luria Motor Program

-.038

.00017

-.317

.762

Luria Conflict

.149

.000676

.641

.545

Kimura Hand Postures

.062

.000081

.235

.822

Kimura Hand Sequences

-.164

.000049

-.164

.875

VARIABLES

sr3 = semipartial correlations
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DISCUSSION
Relationship to Aphasia
Although there is extensive literature on the relationship between aphasia and
ideomotor apraxia, it is difficult to compare our conclusions with the findings of prior
investigators. In part, this is due to varied decisions about methodology including the
inclusion of different types of neuropathological processes, and studies which do not
control for the time post-onset of stroke, lesion size, varied use o f batteries and scoring
criteria, and lack of studies investigating subcortical involvement in both aphasia and
apraxia. However, some general parallels between our results and the literature can be
made. The results revealed that the severity of aphasia (as measured by the WAB AQ) and
the severity of apraxia (gesture to command) were highly correlated. These findings are in
direct agreement with the literature which suggests that the neural networks for language
and praxis are overlapping. However, review of subject performance within and between
groups revealed findings consistent with the literature that there is dissociation between
praxis and language functions (De Renzi, et al., 1980; Kertesz, et al., 1984; Papagno,
Della Sala, & Basso, 1993). In particular, this is supported by the dissociation between
performance on the comprehension subtest of the WAB and performance on gesture to
command for many of the subjects, but is most pronounced by the dissociation between
subcortical involvement in praxis function (i.e. significantly lower scores than controls for
gesture to command) with relative sparing on tests of language functioning
Our findings are in agreement with others, that although there is overlap between
apraxia and aphasia, individuals are not apraxic because of language deficits (Goodglass &
78
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Kaplan, 1963). Once other variables such as date since CVA, lesion size and location were
controlled, severity of aphasia accounted for a small amount of the variance in the severity
of apraxia. Furthermore, the selection of subjects with relatively spared comprehension,
and the finding that gesture to imitation also proved to be sensitive to impairments of the
praxis system, provided further evidence that comprehension deficits were not the cause of
poor performance on gesture to command.
Summary and conclusion: The relationship between aphasia and apraxia suggests

that the neural networks are overlapping, although there is evidence for dissociation.
Dissociation between praxis and language systems was evident by the following findings:
(1) the dissociation between comprehension and apraxia severity, (2) subcortical apraxia
impairment with relative language sparing, and (3) impairment on imitation for cortical
subjects. These findings suggest that subjects are not apraxic because o f language
impairment.
Subcortical involvement in language Although our subcortical subjects produced
WAB AQ scores sufficient for aphasia classification, the mean values were not
significantly different from the control group, and their scores did not significantly differ
from controls on any of the WAB subtests (spontaneous speech, comprehension,
repetition, naming). However, the cortical group had significantly lower scores on the
spontaneous speech subtest when compared to the subcortical group, and controls, and
significantly lower scores on all of the other WAB subtests. Furthermore, the subcortical
patients were all classified as mild anomic aphasics with preserved repetition and
comprehension, in accord with some of the more recent literature on subcortical aphasia
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which concluded that nonthalamic subcortical lesions do not have a direct role in language
functioning (Alexander, 1992; Bell, 1968; Nadeau & Crosson, 1997). These findings,
however, are inconsistent with documentation of heterogeneity in language impairment
identified for aphasia in striatocapsular infarction, where the authors concluded that the
heterogeneity in clinical manifestations was paralleled by heterogeneity in the pattern of
cortical hypoperfusion (Nadeau & Crosson, 1997). The homogeneity o f our language
findings for the subcortical group, along with our exclusion of subjects with silent
subcortical lesions and significant periventricular white matter disease, decrease the
likelihood that deficits in the subcortical group are predominantly related to sustained
cortical hypoperfusion and infarction not visible on CT. The pattern of language
functioning noted in our subcortical patients was relatively consistent with Nadeau &
Crosson’s (1997) descriptions of subcortical aphasia caused by thalamic disconnection
which may occur with striatocapsular infarcts with extension to the temporal stem and
putamenal hemorrhages. Although our neuroanatomical studies are not sensitive and
specific enough to consider whether thalamic disconnection is directly responsible for the
anomic aphasia observed in our subcortical group, the pattern of impairment is not
inconsistent with descriptions o f thalamic aphasia and suggest that more rigorous studies
of thalamic-cortical connectivity with functional imaging might be useful in clarifying some
of these issues.
Nadeau and Crosson (1997) reviewed the literature on thalamic infarction and
considered the neuroanatomical involvement of four recently reported cases with
subcortical aphasia characterized by anomia in spontaneous language, poor performance
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on word fluency, problems with naming to confrontation, and fairly good comprehension
and repetition (Raymer, Mobert, Crosson, Nadeau & Gonzalez-Rothi, 1997). They
concluded that infarcts in the tuberthalamic artery territory and paramedian artery territory
associated with aphasia have common damage to the frontal lobe-inferior thalamic
peduncle-nucleus reticularis-center median system (frontal-ITP-NR-DM pathways) that
may be involved in regulating the thalamic gate in attentional processes. They posited that
in language, the effect of lesions involving or disrupting the frontal-ITP-NR-CM system, is
degradation of the cortical neural nets subserving semantic-lexical association, such that
the least well represented associations (i.e. low frequency) are selectively unavailable
(Nadeau & Crosson, 1997; Raymer et al., 1997). They termed this a defect in selective
engagement. When an organism intends to perform a particular cognitive activity, this
frontal nucleus reticularis-thalamic mechanism is used to selectively engage areas of the
cortex necessary to perform the desired cognitive activity. Frontal neurons excite nucleus
reticularis neurons which inhibit local inhibitory interneurons in the thalamus, freeing the
thalamic neurons to engage the appropriate cortical mechanisms (Crosson, 1997). It is
conceivable that thalamic mechanisms are involved in a system by which the frontal cortex
selectively engages other cortical areas necessary for language and praxis tasks.
We conclude that Nadeau and Crosson’s (1997) description of a selective
engagement mechanism that increases the efficiency o f structures needed to process
language in such a way that appropriate lexical choices are more reliably differentiated
from semantically related but inaccurate alternatives accounts for the type of anomia seen
in our subcortical cases. Defective engagement explains degradation in lexical selection
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seen in our cases of subcortical anomic aphasia and could also be applied to degradation
of signals in praxis (Crosson, 1997; Nadeau & Crosson, 1997). The examination o f
parallels between language and praxis may suggest hypotheses regarding how the basal
ganglia and thalamus participate in learned sidlled movement (Crosson, 1997). Ellis and
Young’s (1988) lexical-semantic model for word processing proved to be a productive
starting point for the cognitive neuropsychological model of praxis which will be discussed
in the following text (Rothi, Ochipa & Heilman, 1991).
Summary and conclusions: The findings revealed that subcortical WAB AQ scores
were not significantly different from controls, although their AQ scores were sufficiently
low for anomic aphasia classification and their performance was characterized by
preseverved repetition and comprehension. Given the homogeneity of language
impairment in the subcortical subjects, it is unlikely that the language impairment is
secondary to cortical hypoperfusion or infarct not visible on CT or MRI. Our findings
support those o f Nadeau and Crosson (1997), that subcortical structures do not have a
direct role in language.
Task demands (Hypothesis 1)
In our study, there was a significant effect for task demands, and an interaction
between task demands and lesion location. Gesture to command produced significantly
lower praxis scores when compared to imitation and comprehension for all groups, and is
consistent with the literature which suggests that this is the most sensitive task for apraxia
(for review, Heilman & Rothi, 1993). The gesture to imitation task produced significantly
lower scores across groups when compared to the comprehension task. The modalities of
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command and imitation were sensitive to group differences, while gesture comprehension
was not. Although the cortical and subcortical groups did not differ significantly with
respect to performance on gesture to command, and both cortical and subcortical groups
were found to have significantly lower means when compared to controls, the cortical
group had lower means and a greater severity of apraxia. There was also a dissociation
between significant impairment on gesture to imitation for the cortical group, but a lack of
significant impairment for the subcortical group. In general, the results support our first
hypothesis of a significant effect of task demands on the performance of skilled
movements, with gesture to command producing significantly lower scores when
compared to imitation and comprehension. The results also confirmed our prediction of
relatively greater cortical influence on the performance of skilled movements, and a
relatively minor role of subcortical structures in the execution of skilled movements.
Again, our results are difficult to compare to findings of prior investigators due to
different decisions about methodology. Some investigators have not controlled modality of
elicitation using mixtures of command and imitation (Goodglass & Kaplan, 1963; Kertesz
& Hooper, 1982), while others have used imitation to circumvent comprehension. These
differences can account for some of the variability in results across investigations, and
suggest that the use of imitation has underestimated the degree of apractic impairment (De
Renzi et al., 1966,1980; Goodglass & Kaplan, 1983). This is a particular problem in the
largest studies of subcortical involvement in apraxia, where only imitation of transitive
gestures was administered (Agostoni, Coletti, Orlando, & Tredici, 1983, Basso, Luzzatti,
& Spinnler, 1980; Kertesz & Ferro, 1984). Some of these studies concluded subcortical
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structures were not involved in praxis, although a number of these studies were consistent
with our results that apraxia can be found in nonthalamic subcortical lesions which is often
accompanied by some form of aphasia, and which was typically described as mild. There is
some suggestion from this literature that apraxia is less common in lesions of basal ganglia
and subcortical white matter than in cortical lesions, although this must be interpreted
cautiously because the incidence of apraxia may have been underestimated (Basso et al.,
1980). Several studies including subcortical lesions suggested that apraxia was found
primarily in cases where subcortical white matter, but not the basal ganglia, was damaged
(Kertesz & Ferro, 1984; Della Sala et al., 1992). However, cases of apraxia after lesions
of the dominant basal ganglia have been documented, and suggest that this form of apraxia
is quite severe (Basso & Della Sala, 1986; Kooistra, Rothi, Mack & Heilman, 1991).
Given the mild apraxia noted in our subcortical subjects, it is feasible that impairment in
skilled movements was secondary to involvement o f subcortical white matter. However,
the results of this study are inconclusive in this respect given the less than optimal
resolution with the use o f CT scans, and warrant further investigation. Scoring
methodologies also vary dramatically, with the use of a broader quantitative scale in this
current investigation to try and extend the range to increase sensitivity to milder deficits in
patients with subcortical involvement. The effects o f modality seen in patients with good
comprehension, suggest that the use of modality is not simply a matter of bypassing
impaired comprehension. Our findings, along with those of De Renzi and colleagues
(1982), demonstrate such an important effect of the modality of elicitation, that one might
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conclude that modality of presentation should be a critical element in any operational
definition of apraxia (Alexander, 1992; Goodglass & Kaplan, 1983).
A cognitive model o f limb praxis and apraxia proposed by Rothi and colleagues
(1991) and derived from Geschwind’s extension and interpretation of Liepmann’s work, is
helpful in understanding the dissociation noted in praxis production from reception. Based
on the assumption that the movement formulae or memories described by Liepnuum are
represented in the human brain and, that they provide a processing-advantage when
performing motor acts with which the individual has prior experience. Heilman, Rothi, and
Valenstein (1982) and Rothi, Heilman, and Watson (1985), proposed that there are at
least two types of mechanisms that could account for the performance deficit associated
with apraxia. They proposed that a degraded memory trace would yield difficulties with
both reception and production of a gesture, while a memory “egress” disorder would yield
only a gesture production deficit. The cognitive neuropsychological model of limb praxis
(see Appendix N) is similar to language processing, with specific modalities having input
into an input action lexicon. The input action lexicon has afferent input into systems that
contain knowledge about the results of action and how tools may influence these results
(action semantics), and input to an output action lexicon which contains “movement
formulae” (time-space representations of skilled movements). Time space representations
are transcoded into innervatory patterns which are played out by the motor systems
This model can account for the dissociation between modalities, and suggests that
impairment in pantomiming to command together with impairment of gesture imitation
present in the patients with cortical involvement, is the result o f dysfunction at or after
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access to the output action lexicon (movement representations). Impairment in gesture to
command evident in our subcortical group, can be accounted for by dysfunction or
disruption with auditory analysis of auditory/ verbal input which is relayed to the action
output lexicon. Our findings are directly in line with Geschwind’s (1965) disconnection
hypothesis which stated that pantomime to command requires information to flow
sequentially from the auditory pathways to Heschyl’s gyrus, and in turn to the posterior
superior temporal lobe (Wernicke’s area). For left-handed movements, information flows
to the right hemisphere premotor area via the corpus callosum. He posited that lesions of
the supramarginal gyrus or arcuate fasciculus would result in an apraxia by disconnecting
the posterior language areas from the anterior motor association areas. If Wernicke’s area
is spared, patients should be able to comprehend commands, but would be unpaired to
gesture to verbal command. However, if the disconnection is limited to the association
between Wernicke’s area and the motor association cortex, patients hypothetically should
be able to imitate these gestures; which they cannot. To explain this discrepancy,
Geschwind noted that fibers passing from the visual association cortex to the premotor
cortex also course anteriorly through the arcuate fasciculus, with a lesion to the arcuate
fasciculus disrupting both the auditory and visual pathways. This accounts for impaired
performance to command and imitation observed in our cortical group, and the absence of
impairment for gesture to imitation in the subcortical group.
Impairment on gesture to command in the subcortical group can be explained by
the selective engagement hypothesis which would involve quantitative activity, although
further examination of the types o f errors made by subcortical subjects are needed to rule
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out other competing hypotheses as well as more in depth investigations. A failure of
selective engagement would result in decreased efficiency in the cortical processing and
information processing necessary to support praxis (Crosson, 1997). This explanation
would account for the mild form of apraxia evident in the subcortical group, and is
consistent with the principles of parallel distributed processing. If parallel distributed
processing is applied to the neural nets necessary for praxis, then the outcome of
decreased efficiency would be manifested by graceful degradation of praxis (Rumelhart &
McClelland, 1986). In graceful degradation, the most redundantly represented information
is the best preserved. This has been observed in cases of anomia after dominant thalamic
lesion by Raymer and colleagues (1992), where fewer errors on high-than low frequency
words were identified. The selective engagement hypothesis in subcortical apraxia will be
discussed later in this text when reviewing error types in apraxia, and will be contrasted
with other competing hypotheses such as the release of praxis segments for motor
programming, combination of coactive and sequential movements, and selection of
alternatives from an action lexicon.
Summary and conclusions Hypothesis 1: The results revealed a main effect for task
demands (command<imitation<comprehension), and an interaction between task demands
and lesion location. The cortical subjects were impaired for command, imitation, and the
discrimination subtest of the comprehension test, while the subcortical subjects were
impaired on gesture to command only. This supports the hypothesis that gesture to
command is the most sensitive to apraxia, although imitation and discrimination proved to
be more specific to cortical impairment. These findings also support greater cortical
influence on performance of skilled movements.
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Relationship to Performance in Activities of Daily Living (Hypothesis 2)
The relationship between patients’ performance on activities o f daily living, as
rated by caregivers (PSMS), and severity of apraxia on the gesture to command task,
revealed a significant positive association. These findings are not only in agreement with
our predictions, but suggest that skilled naturalistic actions which often involve knowledge
and use of objects, planning, attention, and working memory should be addressed in
theories of skilled action (Schwartz & Buxbaum, 1997). These results are also in
agreement with Sundet, Finset, & Reinvang (1988), who identified a significant
relationship between the severity of apraxia, and dependency as defined in increased
caregiver assistance in performing tasks of daily living such as grooming, shopping,
dressing. Although, our conclusions are somewhat limited given the indirect reports of
caregivers, which do not yield information regarding the qualitative aspects of skilled
movements in naturalistic environments, they are in agreement with investigators who
have concluded that ideomotor apraxia may indeed impact naturalistic action performed in
context (Foundas et al., 199S; Schwartz, Reed, Montgomery, Palmer & Mayer, 1991).
However, our results of insignificant between group effects on the functional
activities of grooming and feeding, are also in accordance with the literature which
suggests that the apraxic impairment is less severe with actual object use (Liepmann,
1900; Liepmann, 1905; Geschwind, 1975; Heilman & Rothi, 1993). Nonetheless, careful
analysis of action deficits on tasks of daily living observed in patients with ideomotor
apraxia, suggest that despite these patients’ ability to effectively use tools and objects in
their environment to meet their needs, there is impairment in the organization and
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efficiency of tool use (Foundas, et al., 1995; Mayer, Reed, Schwartz, Montgomery, &
Palmer, 1990). Foundas et al., (1995) examined mealtime behavior in patients with
apraxia, and identified that although they made a number of errors while using tools,
caregivers did not complain about eating difficulties because the patients were successful
in completing the overall action goal of eating a meal. The patients did not differ from
controls in their ability to perform non-tool actions, suggesting that elemental motor
dysfunction did not significantly contribute to action errors produced. Our findings of lack
of perceived impairment on tasks of dressing, feeding, and grooming, and greater
impairment in ambulation and bathing for the subcortical group are in agreement with the
authors’ conclusions, that caregivers are more sensitive to the degree of assistance
required to complete an action goal rather than to the quality or efficiency of sequenced
skilled movements.
Given that our subcortical group was evaluated fewer weeks post-onset of stroke,
we considered the number o f weeks since CVA in the analysis of performance of activities
of daily living. The results indicated that impairments in activities of daily living decrease
progressively as a function o f the number of weeks post-stroke. However, even when
adjusting for the number of weeks post-stroke, toileting proved to be the best predictor of
severity of apraxia, and the subcortical group continued to have greater difficulty in
ambulation and bathing than the cortical group. It is conceivable that bowel or bladder
incontinence is an indirect measure of the severity of the stroke/ and or lesion size,
although this is merely speculative. After controlling for the severity of apraxia, and
motor performance, time post CVA uniquely accounted for 31.4% of the variance in the
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ability to bathe independently. Also, two of the motor tasks, Luria’s motor programing,
and finger tapping, accounted for a significant amount of the variance in bathing (15 .2%
and 12.5% respectively). Similarly, finger tapping was the only variable in the equation
which accounted for a significant amount of the variance in ambulation (28%), suggesting
that disruption o f elementary motor function accounts for the reports of impairment in
ambulation and bathing in the subcortical group. Furthermore, impairment on Luria motor
programming, suggests that executive dysfunction and sequencing difficulties might
contribute to some of the difficulty in carrying out more complex naturalistic action tasks.
Schwartz et al. (1991) described a case study of action errors in an aphasic and apraxic
patient who misused and mis-selected tools, and made timing and sequencing errors. The
authors suggested that a disorder of executive control or “frontal apraxia” accounted for
the disorganization of actions in the patient’s everyday activities.
Our second hypothesis, that there is not a complete dissociation between
impairment on gesture to command, and the ability to carry out gestures which meet a real
need (ADLs) was confirmed. The results revealed a significant positive correlation
between apraxia severity on gesture to command and functional activities of daily living
(PSMS), although the severity o f apraxia as predicted was more severe. Given the indirect
nature of our measures of activities of daily living, however, the question of impaired
naturalistic actions which involve sequences o f movements associated with ideomotor
apraxia can not be directly answered. Our findings do suggest that caregivers are most
sensitive to whether patients are capable of performing tasks independently (i.e. if they
have the motor capability to perform tasks independently), and not to the quality or
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efficiency of sequenced movements. These findings are in keeping with the notion that
naturalistic action disorders are unlikely to come to the attention of caregivers or
investigators unless they are dramatic. This further underscores the need to clarify the
relationship between clinical examinations of apraxia, motor dysfunction, and disruptions
of naturalistic action disorders. There has been evidence of spatiotemporal deficits of the
motion at the wrist in apraxic patients, even when actually manipulating a tool and object
(Clark et al., 1994). These findings are in direct opposition with the disconnection
hypothesis which predicts that apraxic subjects should be able to use actual objects
correctly, since this task does not require language. The movement representation
hypothesis, however, predicts that actual tool use would be impaired because it posits that
apraxia results from either the destruction of visuo-kinaestheic motor representations of
learned movement, stored in the dominant parietal lobe, or from a separation o f these
representations from premotor or motor areas (Heilman, 1979; Heilman & Rothi, 198S).
Some have suggested that the nature and specificity of motor coordination loss in apraxia
can only be understood by further exploration of kinematic deficits in unconstrained skilled
movement in subjects with apraxia versus subjects with other disorders of the motor
system (Poizner et al., 1995).
Summary

and conclusions Hypothesis 2: The study identified a relationship

between apraxia, impairment on ADL’s (PSMS), date post CVA, and motor impairment.
Our lack of significant impairment between groups on ADL such as grooming and feeding
indicate that apraxic impairment is less severe with actual object use. Although these
findings are somewhat limited because of indirect reports of caregivers, these findings
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suggest that apraxia may impact naturalistic action. These findings also suggest that
caregivers are more sensitive to the amount of assistance subjects are required to perform
a skilled movement.
Analysis of Motor Tasks (Hypothesis 3)
These data support Liepmann’s (1913) and Heilman’s (1975) contention that
patients with ideomotor apraxia also demonstrate other motor deficits. The study of
ideomotor apraxia, along with the separate roles of cortical structures which have been
suggested to contain mental representations o f‘kinetic formulae’, and of striopallidal
loops which receive most of their inputs from extensive association areas, can yield a
better understanding o f higher motor function (Paillard, 1982). This, in part, can be
accomplished by analyzing motor complexity with respect to lesion location. Since praxis
refers to higher cortical movement (i.e. learned skilled movement), which requires stored
representations (i.e. a lexicon) to guide movement production, it is likely to have both
similarities and differences with various other types of movements. Therefore, the
relationship between apraxia, lesion location, and other motor functions can be instructive.
Despite the general acceptance of the basal ganglia in movement, their specific movement
functions have been debated, and some have hypothesized that short of actual motor
execution, the basal ganglia play no direct role in praxis.
Relationship between apraxia and motor function Although our findings are
concurrent with Heilman’s (1975) conclusion that motor impairment is associated with
ideomotor apraxia, contrary to his data, we did not find statistically significant impairment
on finger tapping in patients with more severe ideomotor apraxia (i.e. cortical group). Our
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findings support those of Pieczuro and Vignolo (1967) who found no significant
differences between apraxic and nonapraxic groups on a manual dexterity task. Although
Heilman suggested that the discrepancy between his findings and their findings was due to
the differences between tasks, other studies have suggested that manual dexterity would
have been more sensitive to impairment (Haaland et al., 1977). However, our test of
manual dexterity, grooved pegboard, also failed to yield statistical significance between
the cortical group and controls. Our findings do not correspond to those o f Haaland et al.
(1980) who included subjects with greater frontal lobe impairment, and who reported
significant impairment on grooved pegboard. Review of lesion location in our study
indicates that the cortical group included relatively few subjects with anterior involvement.
Given the correspondence in motor findings to those of Pieczuro and Vignolo (1967)
along with similar populations with respect to lesion location (i.e. Pieczuro and Vignolo’s
study had lesions primarily o f the left posterior retrolandic areas), the difference in motor
results across studies may be accounted for by differences in lesion location.
The results of Kimura and Luria motor tasks revealed that the cortical group,
which produced more severe apraxia, had significant impairment in the acquisition and
performance of motor skill involving changes in hand and limb posture, and sequencing.
Our findings are directly in line with Kimura (1977) who indicated that patients with lefthemisphere damage did not have significantly greater impairment on finger tapping speed
when compared to right hemisphere damaged patients, but had significant difficulty with
successive changes in hand posture The cortical group produced significant impairment
when compared to controls for every complex motor task administered which required
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changes in hand posture (Luria motor program, Kimura hand postures, Kimura hand
sequence). However, our findings are discrepant with an earlier study by Kimura and
Archibald (1974), which reported that patients with left hemisphere damage were not
significantly impaired in the production of static hand postures, but were impaired to hand
sequences. To some extent the difference in findings may be accounted for by differences
in scoring, with the Kimura study not taking in to account erroneous postures adopted
before the final posture which was scored. Pieczuro and Vignolo (1967) identified
significant impairment in left hemisphere damage in acquisition of limb postures when
taking into consideration the extraneous initial errors. The scoring criteria used in our
study were more similar to theirs, further suggesting that scoring might have contributed
to variability in results. In our study, we performed a regression analysis which indicated
that performance on hand postures was the only motor task to uniquely contribute to the
variance in the severity of apraxia. Furthermore, the overlapping variance on the various
motor tasks accounted for 67% of the variance in the severity of apraxia, in accordance
with Liepmann’s (1913) definition of apraxia as a movement disorder. Our results are
similar to De Rerud et al. (1980) who reported that both hand postures and sequences
were significantly impaired in apraxic patients, and who concluded that the feature of the
deficit does not reside in whether the movement is symbolic or asymbolic, involving
fingers or hands, or emails motor sequences or holding a position. The essential feature
appears to be whether the patient has to organize a sequentially ordered motor program.
Our findings are consistent with Kimura (1977) who concluded that apraxia involves the
impaired performance of complex motor postures and sequences, regardless of whether
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they are meaningful or not. These findings suggest that the left cortex contains a system
specialized for producing the correct limb posture, and for controlling the transition from
one position to another.
The parietal area has been suggested to control the spatial context of motor
organization, with the assessment of behavioral relevance of the perceptual context and of
the location of the stimulus in extrapersonal space potentially testing parietal function.
Mountcastle (1978) suggested that the parietal lobe generates an internal neural
construction of surrounding space, of the location and movements of objects within it in
relation to body position, and of the position and movements of the body in relation to
that immediately surrounding space (i.e. updating information regarding the internal and
external coordinate systems). Although the frontal area shares many common features
with the parietal area, such as the cortico-cortical linkage between both areas, it differs in
a number of different respects. Some have suggested that while the parietal lobes select for
spatial perceptual cues appropriate for the intended motor action, the selection of purpose
characterizes frontal function. Monkeys with bilateral frontal damage do not respond
efficiently to reinforcement and thus are prevented from guiding their behavior in terms of
reward and punishment, while parietal regions have been described as not reward
dependent (Perret et al., 1978). The prefrontal cortex is believed to be related to
attentional mechanisms to the visual stimulus which enables the correct choice of behavior
to be rewarded, with damage causing delayed response, and delayed alternation tasks
similar to those in caudate lesions (Kubota, Tonoke & Mikami, 1980). Studies of nervous
activity in animals correlate with our findings, and provide an explanation of why our
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cortical subjects who have predominately greater parietal than frontal involvement, exhibit
hand posture deficits but intact performance on the Luria conflict task.
The role o f subcortical structures in movement The motor results confirmed our
hypothesis that simpler motor tasks involving precision would be more impaired in
patients with subcortical involvement, and emphasize the role o f the basal ganglia in motor
execution. The subcortical group was found to have significantly greater impairment in
finger tapping speed when compared with controls, although not statistically greater
impairment when compared with the cortical group. Nonetheless, the dissociation between
impairment for the subcortical group in finger tapping, and lack of significant impairment
for the cortical group, along with the identified relationship between impaired ambulation
and bathing and motor impairment, suggests that the subcortical group experiences
significant impairment in precision and execution. However, the subcortical group did not
have statistically significant impairment on a more complex task of motor dexterity
(grooved pegboard) when compared with controls, although their means on this task were
lower than the cortical group.
Of striking significance in our study, was the dissociation between cortical
impairment in hand sequencing and postures, with relative sparing of hand sequencing and
postures in subjects with subcortical involvement. The subcortical group did not have
significant impairment on either the Kimura hand postures or Kimura hand sequences, but
had a significantly better performance on hand sequencing when compared with the
cortical group. The other dissociation identified in the motor testing, was the impairment
of the Luria conflict task with subcortical involvement, and the exclusive sparing of this
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more complex task for the cortical subjects. Also, our subcortical group evidenced
impairment on the Luria motor program, although their performance was somewhat higher
than that of the cortical group. This highlights the important connections between cortical
association areas and motor cortex through the striatal loops, which have been implicated
in the planning and programming of actions (Massion & Sasaki, 1979). The basal ganglia
has been implicated in involvement in higher-level cognitive activity such as automatic and
selective calling-up of learned motor plans (Marsden, 1980; Oberg & Divac, 1979). The
symptomatology of our subcortical group presented a close similarity to lesions of the
frontal lobes. The Luria conflict task, is an alternation task which requires the individual to
choose the correct behavior based on an external stimulus, or shift from one strategy to
another, similar to many other prefrontal tasks. As in frontal lobe damage, patients with
striato-pallidal syndromes have been shown to perform movements slowly, have difficulty
initiating or stopping action and carrying out more than one program at a time (Milner,
1964; Mishkin, 1964; Perret, 1974; Paillard, 1982).
These findings support the role of the basal ganglia in combining coactive and
sequential movements, one o f the hypotheses regarding the role of the basal ganglia. The
role of the basal ganglia in combining coactive and sequential movements is illustrated by
slower sequential movements in Parkinsonian patients, and inability to learn to perform
two simple movements in sequence (Marsden, 1987). Similarly, the basal ganglia in
primates have been implicated in switching off one activity to allow another to operate in
blending coactive programs (Mink & Thach, 1991). The results of these studies are helpful
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in explaining the performance of our subcortical patients who exhibited difficulty with
finger tapping, Luria conflict condition and Luria motor programing.
In summary, the results of the motor tasks confirmed some, but not all, of our
hypotheses regarding the relationship between the severity of ideomotor apraxia, lesion
location, and the complexity of task demands. A significant relationship between
ideomotor apraxia and motor performance was observed, with a great deal of overlap
between severity of apraxia and motor impairments across tasks, as well as between motor
tasks. However, contrary to our predictions, the motor predictor of the severity of apraxia
was the Luria conflict condition. This was due to the dissociation between the cortical
group with more severe apraxia and relatively spared performance on the conflict
condition, and the milder apraxia in the subcortical group with severe impairment on the
Luria conflict condition. Furthermore, the Luria error types did not prove to be useful in
this analysis, with almost all of the impaired performance by subjects consisting of
simplification errors. The other error types did not occur frequently enough to warrant
statistical analysis. It is conceivable that the composition of our subject sample, with
relatively few anterior cortical lesions, is responsible for these results.
Summary and conclusions hypothesis 3: Our findings revealed that the cortical
group was impaired in the acquisition and performance of motor skill involving changes in
hand posture and sequencing, while the subcortical group was impaired on simpler motor
tasks and those requiring motor precision. We conclude that patients with ideomotor
apraxia also demonstrate deficits in complex motor deficits, and that studying the
relationship between lesion location, apraxia, and motor function can be instructive.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

99

Error patterns of subtvpes of apraxia (Hypothesis 4)
The error patterns of specific groups with respect to cortical/ subcortical
dimensions, and anterior/ posterior data were analyzed. However, our interpretation of the
anterior/ posterior dimensions is somewhat limited given the paucity of patients in the
anterior group, the disproportionately large number of patients in the anterior-posterior
group, and the difficulty in localizing subcortical structures along the anterior/ posterior
continuum. In addition to the difficulty in pinpointing whether specific subcortical lesions
are anterior or posterior to the central sulcus, is our lack of understanding of the complex
connectivity between subcortical and cortical structures.
Transitivity factor The results o f between group analyses for transitive (involving
tool use) and intransitive gesture (symbolic gesture which do not require tool use)
differences, revealed that both cortical and subcortical groups had significantly lower
scores on transitive gestures, while only the cortical group had significant impairment on
the intransitive gestures. Similarly, all groups in the anterior/ posterior dimension had
significant impairment of transitive gestures when compared with controls, while only the
posterior group revealed significant impairment for intransitive gestures. Consequently, it
can be concluded that transitive gestures are more sensitive to impairment, perhaps
because of their greater complexity. This would be in agreement with Kimura (1977) who
suggested that movements which require more limb position changes are more affected by
lefi hemisphere damage. One aspect o f complexity which is crucial to the pretended object
use movements involves the requirement of integrating interpersonal and extrapersonal
space. The intransitive movements only ask the patient to place the hand and arm in a
particular relationship to the body, while the transitive or pretended object use movements
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require the patient to have some “representation” of extrapersonal space by pretending to
hold an object (Haaland & Flaherty, 1984). In consideration of the selective engagement
hypothesis regarding subcortical structures, errors made on complex transitive gestures
could be due to misselection of specific components which would result in errors at the
component level (Crosson, 1997). The selective engagement hypothesis with respect to
how it relates to specific errors made by subcortical patients will be discussed further in
the following section on error types.
Specific error types Analysis of error types revealed that a number o f spatialtemporal errors were successful in discriminating between both cortical/ subcortical
groups and anterior/ posterior groups. The most discriminating error types were
movement errors, external configuration errors, BPO errors, timing errors, and internal
configuration errors. The FAB battery utilized in this study proved to be 100% successful
in differentiating between stroke patients and controls, but less effective in discriminating
between the cortical group and subcortical group. The classification system, correctly
classified 80% (n=8) of the cortical patients, and 88.9% (n=8) of the subcortical patients.
The discriminant function analysis misclassified two of the cortical subjects as having
subcortical impairment, and one of the subcortical subjects as having cortical impairment.
These findings offer further support for the hypothesis that subcortical mechanisms are
involved in a process by which the frontal cortex selectively engages other cortical areas
necessary for praxis (Nadeau & Crosson, 1997). This does not imply that subcortical
structures are involved in information processing, but that it could be accomplished by
quantitative neuronal activity. The type o f impairment of gestures shed light on precisely
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how degradation of signals might affect the gestures, that is, whether this would cause
misselection of whole gestures or misselection of specific components comprising the
whole gesture (Crosson, 1997).
Although both cortical and subcortical groups produced a number of movement,
external configuration, and timing errors, the subcortical group produced relatively more
movement and BPO errors, while the cortical group made more external configuration and
timing errors. The presence of a significant number of movement errors in the subcortical
group highlights the role of subcortical structures in motor execution. It is particularly
noteworthy that the subcortical group produced a wider variety of movement errors which
were not characterized by the qualitative system which was designed to capture error
types commonly seen with ideomotor apraxia with cortical impairment, and often made
more than one type of movement error per apractic gesture. This suggests that further
investigation characterizing the specific types of errors produced by subcortical patients
may be fruitful in delineating the role of subcortical structures in praxis. One type of
movement error identified in our study parallels the hypothesis we have discussed
throughout this text, selective engagement. Many of the gestures produced by the
subcortical patients were identified as having degraded movement. Furthermore, our
results o f significant BPO errors in the subcortical group are consistent with the findings
of Alexander and LoVerme (1980) who described 6 cases with left hemisphere subcortical
involvement with apraxic errors consisting exclusively of BPO, and with Rothi, Kooistra,
Heilman, and Mack (1988) who described three cases of apraxia with subcortical lesions.
The authors noted that the patients made few sequencing and timing errors (similar to our
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subcortical group), but made errors in movement trajectory, errors in relationship between
the limb or imagined tool and the imagined object to receive the action, and errors in the
position of the fingers and hand relative to the imagined tool.
Contrary to our predictions, however, the cortical/ subcortical groups did not
account for more disparate performance profiles of error types on gesture to command.
The results of the last discriminant function, which separates controls from the anterior/
posterior groups, revealed that 93.1% of the anterior/ posterior groups were correctly
classified, and 89.7% of the cortical/ subcortical groups were correctly classified.
However, given the uneven distribution of subjects in to the anterior/ posterior group, the
results of the discriminant analysis should be interpreted with caution.
Recognition and discrimination The gesture comprehension task is comprised of a
recognition component which tests the patient’s ability to identify a correctly performed
gesture, and a discrimination component which requires the patient to discriminate
between correctly performed gestures, and those which are incorrectly performed due to
common errors of BPO, movement errors, or internal or external configuration. In
accordance with our previous suggestion that it is unlikely that subcortical structures have
an information processing or declarative memory role in praxis, the subcortical group was
not found to be impaired on either gesture recognition or discrimination (Crosson, 1997).
However, the cortical group had significant difficulty discriminating between correct and
incorrect gestures, highlighting their impairment for both “conceptual” and “production”
components, while the subcortical group appears to have only production deficits. Clark et
al., (1994) proposed that praxis processing is mediated by a two-part system involving
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both “conceptual” and ‘‘production” components. The cognitive model of praxis (Rothi et
al., (1991) was designed to account for both receptive (comprehension/ discrimination)
and production (command) deficits, by including the input and output lexicons.
Our results are in agreement with Heilman et al. (1982) who reported that patients
with relatively more posterior lesions (involving the supramarginal or angular gyri)
perform poorly on command, and imitation, and cannot discriminate poorly performed
from well-performed gestures. The results revealed that our anterior-posterior group,
which is more similar anatomically to Heilman’s (1982) posterior group, had significant
impairment with gesture discrimination. Heilman posited that the parietal lobule contained
motor engrams for learned skilled acts, and that impairment was due to destruction of
these visuokinesthetic motor engrams.
The fifth hypothesis of greater impairment on the discrimination task for more
posterior lesions is supported by our findings. Also, given that our cortical group is
heavily weighted in the anterior-posterior to posterior dimension, the finding of significant
difficulty discriminating gestures for our cortical group also supports the notion that more
posterior areas contain the visuokinesthetic engrams of skilled movements. These results,
along with the error pattern analysis described earlier, emphasize the importance o f further
investigation of subtypes of performance profiles with respect to lesion location. This also
suggests that apraxia is not a heterogenous disorder which is dependent on many factors,
including lesion location.
Summary and conclusions Hypothesis 4: The results indicated that transitive
gestures are more sensitive to impairment in skilled movements, perhaps because they
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have greater complexity, and that spatial/ temporal errors were partially successful in
discriminating between groups. However, only the cortical and posterior groups were
impaired on the discrimination of gestures. Further investigation and delineation of
movement errors in subcortical subjects may be fruitful in discriminating between
subcortical and cortical impairment
Lesion location aphasia, task demand and motor function (Hypothesis S)
Finally, we examined the relationship between apraxia severity and task demands
(command, imitation, comprehension) once a number of variables believed to share
significant variance with ideomotor apraxia were controlled. Although our prediction that
the variables entered in to the regression equation would share a significant amount of
variance with the severity of apraxia, and with each other, was confirmed, our hypothesis
of lesion location (cortical/ subcortical) accounting for the greatest portion of the variance
was not supported. Furthermore, after controlling for numerous variables, the nature of
the gesture did account for a significant amount of variance (gesture and imitation).
Lesion size, instead of lesion location, approached significance. However, in keeping with
our a priori hypotheses, each of these variables accounted for a very small percentage of
the severity of apraxia, while the overlapping variance accounted for 99% of the variance
in the severity of apraxia.
Summary and conclusions Hypothesis S: These variables share significant variance
with the severity of apraxia and with each other. Each of the variables accounted for a
small percentage of apraxia, while the overlapping variance accounted for 99% of the
variance Lesion location, however, did not have the greatest unique contribution to the
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variance, although lesion size approached significance. Gesture to command and imitation,
contrary to our hypothesis, were the only variables to provide unique variance. In
conclusion, the nature of the gesture, did account for a significant amount of unique
variance when controlling for other features which characterize the praxis deficit.
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SUMMARY
In summary, our findings suggest that apraxia is a heterogeneous disorder with
subtypes of error patterns with respect to lesion location. Our findings also indicate that
there is a significant effect of task demands even when lesion location, lesion size, aphasia,
motor dysfunction are controlled. There is an interaction between task demands, language
impairment, motor function and lesion location, with the role of subcortical structures
implicated in a selective engagement mechanism with cortical structures. Further
investigation of subcortical structures in the language and praxis function with functional
neuroimaging and with subcortical pathology may prove to be helpful in delineating the
role of subcortical structures in motor execution.
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APPENDIX L CONSENT

LOUISIANA STATE UNIVERSITY-BATON ROUGE CAMPUS
Consent Form
1

Studv Title
Ideom otor apraxia and lesion locanon
function, and task demands

2

Performance Sites Tulane University
Medical Center in N ew Orleans. LA

3

Analysis o f error types, motor

Hospital and Veterans Administration

Investigators The following investigators are available for questions at the phone
numbers listed below
In the event that medical problems occur in connection with
the study, the physician identified below will provide emergency care
Anne Foundas. M D or Brenda Hanna-Pladdy, M A
Neurology Dept at Tulane and VAMC
(day) 504-589-5227
(after h r s ) 504-568-0811

4

Purpose o f the Study
The purpose o f the study is to investigate 'apraxia*. lesion
location (location o f stroke), and motor function across a number o f tasks.
Additionally, this study will evaluate physical activities o f daily living which might
be impaired as a consequence o f 'apraxia*. which is a disorder o f skilled movement.
Individuals with apraxia are thought to have impairments in using skilled learned
movements, and this study will evaluate whether these impairments are related to
difficulty with carrying out essennal activities such as feeding, dressing, grooming and
etc. .. or whether this disorder o f skilled movement is only visible under specific
testing condmons Furthermore, this study will study the ability o f these patients to
carry out other m otor tasks, to determine if other m otor impairments are present in this
disorder Subjects will be given a number o f language, motor, and praxis tests. The
ability to use gestures will be observed by videotaping subjects while producing
gestures to com mand, and imitation.

5

Patient Inclusion
This study will include right handed patients diagnosed with left
hemisphere ischemic stroke, and control subjects who do not have a history o f
neurological disease

6

Patient Exclusion
Patients with multiple cortical lesions or bilateral lesions will be
excluded from the study Individuals who are identified as having other
neurological conditions, seizure disorder, significant head trauma, or who have been
previously diagnosed with a teaming disability will be excluded. Additionally,
patients demonstrating significant comprehension difficulties, dementia, or clinically
significant depression will be excluded.
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7

Description o f the Study
Apraxia is a disorder o f skilled m ovem ent commonly
observed in patients with various types o f neurologic illnesses Apraxia is evaluated
by observing the gesture and response to a com m and such as 'sh o w m e how you
would use a ham m er’ At least two types o f ’ a p ra x ia ' occur and have been described
in stroke and in other illnesses including Alzheimer’s D isease The relationship of
apraxia to activities o f daily living such as eating, dressing, and grooming, however,
have not been studied in patients with these disorders. A dditionally, the relationship
between lesion locanon. apraxia. and impairment in o th er m otor tasks has not been
fully investigated. Standardized tests o f language, co g n m o n . and m otor function will
be given, and the panent will be asked to perform gestures that may o r may not
involve the use o f a tool

8

Benefits
Although the study will be o f limited therapeutic benefit to individuals
participating, it is hoped that this investigation will benefit future patients by providing
an increased understanding o f this disorder and the lim itations it might place on
patient's lives.

9

Risks There are no nsks to the study as it only in v o lv es clinical tests that will be
videotaped. None o f these tests are invasive and sh o u ld not result in any physical
discomfort, other than mild test anxiety m some individuals

10

Alternatives
an alternative

11

Right to Refuse
Patients may choose NOT to participate and may withdraw from
the study at any nme

12

Pnvacv
It is my understanding that though the results o f this study will be
published, m y nam e will not appear associated with findings
The privacy o f
participating patients will be protected and the tdennty o f participants will oot be
revealed

13

Release o f Inform ation
I understand that, as p erm itted by law, my responses in this
study will rem ain completely confidennal. will rem ain in private files, and will be
made available only to persons associated with this study. I understand that my
responses w ill not be made p an o f my medical records o r released to other health care
personnel at this medical center or at the Department o f Veterans Benefits unless I so
desire and indicate in writing

14

Financial Inform ation
The cost o f the tests conducted in the study will not be
billed to me. and my panicipanon in this study will n o t result in extra charges

The study does not evaluate a d ifferent treatm ent, therefore it is not
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15

Signatures

T his study has been d iscu ssed w ith me and all my questions have been answered. I
understand dial additional questions regarding the study sh o u ld be directed to investigatore
listed above. I understand that i f 1 have questions about su b ject rights, o r other concents. I
can contact the V ice C h an cellor o f die L SI' O ffice o f R esearch and Econom ic D evelopm ent
at 388*5833. I agree w itii the terms above and acknow ledge I have been given a copy o f die
con sen t form.

Signature o f the Patient Volunteer

Date

Signature o f Subject's Representative*

Date

W itness

Date

Investigator(s)

Date

•O nly required is subject is not found to be competent
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APPENDIX N COGNITIVE NEUROPSYCHOLOGICAL
MODEL OF LIMB PRAXIS AND APRAXIA
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